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PROCESS FOR THE PRODUCTION OF BIOLOGICALLY ACTIVE PROTEIN 



The present invention relat s to a process for the preparation of biologically active, dimeric, TGF-p (Trans- 
forming Growth Factor type P), to novel TGF-ps f and pharmaceutical compositions comprising it TGF-p pro- 
duced according to the invention can be used for the promotion and acceleration of wound healing and bone 
5 and tissue repair, the treatment of cancer, as a bone marrow protective agent, mediator of cardioprotection, 
anti inflammatory or immunosuppressive agent or as a growth regulator in mammalian cell cultures. 

Background of the invention 

w Two growth modulating proteins have originally been characterized by their ability to reversibly induce 
phenotypic transformation of mammalian cells in vitro and have therefore been designated as Transforming 
Growth Factors type a and type p (Anzano, MA et al. (1983) PNAS 80, 6264-6268). Despite their common 
nomenclature TGF-a and TGF-p have shown to be both structurally as well as functionally entirely distinct pro- 
teins each acting through its own unique receptor system. TGF-a which competes with epidermal growth factor 

15 (EGF) for binding to the same cell surface receptor (Todaro, G J. et al. (1 980) PNAS 77, 5258-5262) and which 
shares sequence homologies and similar activity with EGF (Marquardt, H. et al. (1984) Science 223, 1079- 
1082) is synthesized as a transmembraneous precursor of 159 amino acids and is proteolytically processed 
into a peptide of 50 amino acid residues (Derynck, R. et al. (1984) Cell 38, 287-297). As a potent mitogen for 
mesenchymal cells, TGF-a is produced and released by numerous transformed cell lines and human cancers, 

20 but is also expressed in activated macrophages and in other normal tissues, thus making its role in neoplasia 
still unclear. 

TGF-p was originally purified to homogeneity from human platelets (Assoian, RX et al. (1983) J. Biol. 
Chem. 258, 7155-7160), human placenta (Frolik, CA etal. (1983) PNAS 80, 3676-3680) and bovine kidney 
(Roberts, AB. etal. (1983) Biochemistry 22, 5692-5698) and identified as a homodimeric protein witha molecu- 
25 lar mass of 25.000 D. First characterized by its ability to act synergistically with EGF or TGF-a to induce an- 
chorage-independent growth of untransformed NRK cells, recently, TGF-p has been shown to exhibit numerous 
regulatory effects on a wide variety of both normal and neoplastic cells indicating the importance of this protein 
as a multifunctional regulator of cellular activity. TGF-p may either stimulate mtogenesis, cell proliferation and 
growth, or may effectively inhibit said processes, or may exhibit other actions like e.g. control of adipogenesis, 
30 myogenesis, chondrogenesis, osteogenesis und immune cell function, stimulation of chemotaxis, or induction 
or inhibition of differentiation depending upon the cell or tissue type, and the presence or absence of oth r 
growth factors. Many of the actions of TGF-P are related to the response of cells or tissues to stress or injury, 
and to the repair of resultant damage. After inflammation, TGF-p plays the major role in the formation of granu- 
lation tissue, increases the expression of genes associated with extracellular matrix formation such as fibronec- 
35 tin, collagen and several protease inhibitors and stimulates cdlagen-rnajrix. contraction by fibroblasts, 
suggesting its possible role in connective tissue contraction (Roberts, A. and Spom, M B. (1988) Adv. Cane r 
Res. 51, 107-145 ; Spom, M.B. and Roberts, A. (1989) J. Amer. Med. Assoc. 262, 938-941). 

Until now, three distinct types of TGF-ps designated as TGF-p1, TGF-P2 and TGF-p3 which are functionally 
closely related and share a high degree of receptor cross-reactivity have been cloned and characterized by 
40 sequence analysis. All TGF-ps are synthesized as 390 to 412 amino acid precursors that undergo proteolytic 
cleavage to produce the monomeric forms, which consist of the C-terminal 112 amino acids. In their mature, 
biologically active forms, TGF-ps are acid- and heat-stable disulfide-! inked homodimers of two polypeptide 
chains of 112 amino acids each. The complete amino acid sequences of human (Derynck, R. et al. (1985) Nat- 
ure 316, 701-705), murine (Derynck, R. etal. (1986) J. Biol. Chem. 261, 4377-4379) and simian TGF-pi (Shar- 
es pies, K. et at. (1 987) DNA 6, 239-244) show remarkable sequence conservation, differing only in a single amino 
acid residue. Comparison of the amino acid sequence of human TGF-pi, human TGF-P2 (de Martin, R. et al. 
(1 987) EM BO J. 6, 3673-3677 ; Marquardt, H. et al. (1987) J. Biol. Chem. 262, 12127-12131) and human TGF- 
p3 (Ten Dijke, P. et al. (1988) PNAS 85, 4715-4719) has demonstrated that the three proteins exhibit in th ir 
mature forms about 70-80% sequence identity. A heterodimeric TGF-p1.2 has been isolated from porcine 
so platelets and consists of one subunit of TGF-pi disulfide-linked to one subunit of TGF-P2 (Cherfetz, S. et al. 
(1987) Cell 48, 409^15). 

Recently, attempts have been undertak n aiming to produce TGF-ps by means of recombinant techniques 
rather than isolating th se factors from natural sources ( .g. platelets) in order to obtain sufficient amounts for 
testing in various th rapeutic modalities. However, it has pr ven to be extremely difficult to synthesiz recorrv 
55 binant TGF-p while retaining its biological activity. As can be seen from the sequences depicted in the sequence 
listing under SEQ ID No. 1, 2, and 3, the 112 amino acids containing mature forms of TGF-p1, TGF-p2 and 



2 



EP 0 433 225 A1 

TGF-03 contain 9 cysteine residues each, at least some of which are involved in intrachain and interchain dis- 
ulfide bond formation which results in the complex tertiary structure of the biologically active, dimeric molecules. 
Heterologous xpression of TGF-p may lead to a product which, although having the correct primary structure, 
fails to fold properly to produce the corr ct secondary or tertiary structur s and which, th refore, lacks the 

5 biological activity. 

To date, the secondary and tertiary structures of TGF-ps are unknown. 

Taking the complexity of the native TGF-p molecules into account, it has generally been considered expe- 
dient to express the respective TGF-p genes in cells derived from higher organisms. The expression of simian 
and human TGF-pi in Chinese hamster ovary (CHO) cells under the control of the SV40 promoter is described 

10 in European Patent Applications 293.785 and 200.341 , respectively. Recombinant TGF-02 could be expressed 
in the same cell line as disclosed in European Patent Application 268.561 and in German Offenlegungsschrift 
38 33897. Eukaryotic expression of a fusion protein of TGF-P3 (with TGF-p 1 ) is disclosed in European Patent 
Application 267.463. 

Although expression of recombinant TGF-ps can be achieved in eukaryotic systems, the yields of biologi- 
es calfy active, correctly folded material obtained are still far from being satisfactory. On the other hand, it seemed 
unlikely that biologically active TGF-p could be obtained when the respective gene was expressed in a microbial 
host, since in e.g. bacteria the intracellular conditions are not conducive to refolding, disulfide bond formation 
and disulfide-stabilized dimerization which is apparently essential for activity. Thus, only very utile biologically 
active TGF-P2 could be obtained after expression of the respective gene in E. coli under the control of the 
20 lambda promoter as described in European Patent Application 268.561. This lack of activity is considered to 
be due to the fact, that the biologically active, dimeric form of TGF-p2 fails to form spontaneously from the mono- 
meric primary translation product when exposed to the reducing environment inside the bacterial cells. Another 
report describes the expression of TGF-p cDNA in E. coli under the control of the trp promoter yielding a radioac- 
tfvely labelled protein band with an apparent molecular weight of 1 3'000 D in an autoradiogram of a SDS polyac- 
25 rylamide gel, but no activity was measured (Urshizaki, Y. et al. (1 987) Tumor Res. 22, 41 -55). 

When recombinant proteins are produced at high levels in bacterial (such as E. coli ) expression systems, 
they often appear in the form of highly insoluble intracellular precipitates referred to as inclusion bodies or ref- 
ractile bodies (Brems, D.N. et al. (1985) Biochemistry 24, 7662) which can be recognized as bright spots visible 
within the enclosure of the cells under a phase contrast microscope at magnifications down to 1 000 fold. Th se 
30 inclusion bodies, which can readily be separated from the soluble bacterial proteins, contain the recombinant 
protein in a mostly denatured and reduced form which does not exhibit the functional activity of its natural coun- 
terpart and which therefore is useless as a commercial product 

It is therefore generally agreed, that the recombinant refractile protein has to be solubilized under conditions 
which are suitable in maintaining it in its denatured form and subsequently has to be refolded in order to undergo 

35 the transition from the denatured unfolded form to the proper, functionally active three-dimensional structure, 
the conformation of which is stabilized by relatively weak interatomic forces such as hydrogen bonding, 
hydrophobic interactions and charge interactions. In the case of cysteine containing proteins this process may 
also involve formation bfdisulphide bonds. When the formation of disulfide bonds is chemically promoted, the 
formation of incorrect intramolecular and, in the case of dimeric or multimeric proteins, intermolecular bridges 

40 should be prevented or at least minimized, since the formation of undesired, incorrectly folded isomers may 
yield non-homogenous material, thus complicating the further purification of the protein having the desired 
structure, or may generate a protein with reduced activity. 

A number of publications have appeared which report refolding attempts for individual proteins produced 
in bacterial hosts, or which are otherwise in a denatured or non-native form. Formation of a dimeric, biologically 

45 active human colony stimulating factor-1 (CSF-1) after expression in E. coli is described in PCT Application 
No. 88/8003 and by Halenbeck, R. et al. (1989) Biotechnology 7, 710-715. The procedures described involve 
the steps of initial solubilization of CSF-1 monomers isolated from inclusion bodies under reducing conditions 
in a chaotropic environment comprising urea or guanidine hydrochloride, refolding which is achieved by step- 
wise dilution of the chaotropic agents, and final oxidation of the refolded molecules in the presence of air or a 

so redox-system. In PCT Application No. 88/8849 a process for recovering recombinant interieukin-2 (IL-2) is dis- 
closed, characterized in that IL-2 isolated from refractile bodies is denatured under reducing conditions with 6 
M guanidine hydrochloride, the soluble IL-2 is oxidized by a contrail d oxidization in the pr sence of Cu 2 * ions, 
and the oxidized IL-2 is refolded by reducing the concentration of the d naturant in the solution. Interieukin-2 
and interferon-p (IFN-p) have been refolded using SDS for solubilization and Cu 2 * ions as oxidation promoters 

55 ofth fully reduced proteins (US Patent No. 4.572.798). Th process for isolating recombinant refractile pr teins 
as described in US Patent No. 4.620.948 involves strong denaturing agents to solubilize the proteins, reducing 
conditions to facilitate correct folding and denaturant replacement in the presence of air or other oxidizing 
agents to reform the disulfide bonds. The proteins to which said process can be applied indud urokinase. 
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human, bovine and porcine growth hormone, interferon, tissue-type plasminogen activator, FMD coat protein, 
prorennin and the src protein. A method for renaturing unfolded proteins including cytochrome c, ovalbumin 
and trypsin inhibitor by reversibly binding the denatured protein to a solid matrix and stepwis renaturing it by 
diluting the denaturant is disclosed in PCT Application No. 86/5809. A modified monomelic form of human pla- 

5 telet-derived growth factor (PDGF) expressed in E. coli is S-sulfonated during purification in order to protect 
thiol morties and is dimerized in the presence of oxidizing agents to yield the active protein (Hoppe, J. et al. 
(1989) Biochemistry 28, 2956). 

The foregoing references are merely representatives of a huge amount of literature dealing with the refold- 
ing of non-native proteins derived from different sources. The man skilled in the art on the other hand knows 

10 that the success of refolding experiments cannot be predicted. Unsuccessful experiments are usually not repor- 
ted. There is no certainty that anyone of the reported refolding conditions would work at all with a given denat- 
ured protein such as TGF-p. Considering the fact, that TGF-p is a dimeric protein containing 9 cysteine residues 
per chain and a number of intramolecular as well as intermolecular disulfide bonds, which are required for 
activity, it is a particularly difficult challenge to produce biologically active TGF-p from its monomelic, denatured 
15 or otherwise non-native form. Nowhere in the literature is a specific process described for the preparati n of 
biologically active dimeric TGF-p from its non-native form. 

Object of the invention 

20 It is the object of the present invention to provide a process for the production of biologically active, dimeric 
TGF-p-like protein from its denatured or otherwise non-native form. This object is achieved by the unexpected 
finding that considerable amounts of the desired dimeric product can be obtained when the monomelic form 
of said protein is subjected to refolding conditions. Surprisingly, the production of the active dimer is achi ved 
under various conditions in a one step procedure which is superior over the mufti step procedures described 

25 in the prior art for the refolding of other proteins. 

Detailed description of the invention 

The present invention relates to a process for the production of a dimeric, biologically active Transforming 

30 Growth Factor type p (TGF-p>-like protein, comprising subjecting the denatured, monomelic form of said TGF- 
p-like protein to refolding conditions. 

The term TGF-p-like protein" is intended to embrace TGF-p1,TGF-p2 and TGF-03 of mammalian such as 
human or animal origin, e.g. simian, murine, porcine, equine or bovine, as well as heterodimeric TGF-ps con- 
sisting of two different subunits of 112 amino acids each. Further included within the definition are growth- 

35 regulating proteins of the TGF-p superfamily sharing a sequence homology of at least about 25% with TGF-pi , 
TGF-P2 or TGF-P3, such as a T cell suppressor factor from human glioblastoma cells (G-TsF ; Wrann, M. et 
al. (1 987) EM BO J. 6,1633-1 636), a growth inhibitor isolated from conditioned medium of BSC-1 monkey kidney 
cells (polyergin ; Holley, R.W. et al. (1980) PNAS 77, 5989-5992 ; Ristow, H.J. (1986) PNAS 83, 5531-5533) 
a cartilage-inducing peptide isolated from bovine bone (CIF-B ; Seyedin, S.M. et al. (1987) J. Bioi. Chem. 262, 

40 1 946-1 949), TGF-04 from chicken embryo chondrocytes (Jakowlew, S.B. et al. (1 988) Molecular Endocrinology 
2, 1 186-1195) and TGF-p5 from Xenopus-Laevis (Kondaiah, P. et al. (1990) J. Biol. Chem. 265, 1089- 1093), 
as well as fragments and mutants of the above mentioned proteins retaining the biological activity. Further 
included within the definition of TGF-p-like protein" are two forms of inhibin and three forms of activin (gonadal 
proteins that regulate pituitary secretion of follicle stimulating hormone), Mullerian inhibiting substance (MIS, 

45 which inhibits the development of the Mullerian duct in mammalian male embryos), bone morphogeny proteins 
(BMP, a group of polypeptides involved in the induction of cartilage and bone formation), the transcript from 
the decapentaplegic gene complex of Drosophila (dpp, which acts to control morphogenesis in the fly embryo), 
Vg-1 (the product of the Xenopus transcript which is present in the vegetal pole of oocytes), and Vgr-1, a related 
mammalian gene (Mason, A. et al. (1986) Biochem. Biophys. Res. Commun. 135, 957-964 ; Cate, R. et al. 

so (1986) Cell 45, 685-698 ; Wozney, J.M. et al. (1988) Science 242, 1528-1534 ; Padgett, R. et al. (1986) Nature 
325, 81-84 ; Weeks, D.L and Melton, D.A. (1987) Cell 51, 861-868 ; Lyons, K. etal. (1989) PNAS 86, 4554- 
4558). 

Pr ferred TGF-p-like proteins are human TGF-p1 (Derynck, R. et al. (1 985) Nature 316, 701-705), human 
TGF-p2 (Marquardt, H. et al. (1987) J. Biol. Ch m. 262, 12127-12131) and human TGF-P3 (Ten Dijke, P. et 
55 al. (1988) PNAS 85, 4715-4719) with the amino acid sequences depicted in the sequence listing under SEQ 
ID No. 1, 2 and 3, r spectively. 

Biologically active TGF-p-like prot ins are originally defined as being capable of inducing anchorage-inde- 
pendent gr wth of untransformed cell lines (Tuck r, R.F. et al (1 983) Cancer Research 43, 1 581-1 586) or tnhibt- 
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ting growth of neoplastic target cells (Rob rts, A.B. et al. (1985) PNAS 82, 119-123). "Biological activity" for 
the purpose herein is defined as either 

(a) the cell migration promoting activity on normal Balb/c 3T3 fibroblasts, which can be measured by count- 
ing the number of cells that migrate into a "wounded" monolayer culture of said cells, in the presence of a 

5 serum-free medium containing the TGF-{Wike protein, as compared to the number of cells that migrat in 

the absence of the TGF-0-like protein, or 

(b) the growth promoting activity on normal Balb/c 3T3 fibroblasts determined by the stimulatory effect of 
the TGF-0-like protein on cellular DNA synthesis and cell division, 

(c) the growth inhibition of A375 melanoma cells determined by a colorimetrical assay which reflects the 
10 number of cells treated with the TGF-0-like protein for a given culture period as compared to the number 

of non-treated cells, 

(d) the accelerated healing of partial-thickness burn wounds, by a process of re-epithelialization, in old mice 
following multiple topical applications of the TGF-0-like protein as compared to untreated control wounds, 

(e) the accelerated healing of full-thickness incisional wounds, as determined by tensile strength meas- 
15 urements and the histological analyses of biopsies, in adult rats following single topical applications of the 

TGF-p-like protein as compared to untreated control wounds, or 

(f) the increase in formation of fibrous granulation tissue, together with a marked increase in vascularity of 
the said tissue, both in and around porous wound-chamber implants in adult rats following multiple local 
injections of the TGF-p-like protein into the chamber as compared to untreated control chambers. 

20 The monomeric form of the TGF-0-like protein can be produced by means of recombinant DNA technology 

or synthetically by methods well known in the art. The dimeric form is the mature, biologically active molecule 
consisting of two disuifide-Jinked polypeptide chains. 

The monomer is subjected to refolding conditions which allow the recovery of the biologically active dimer. 
This process does not involve any change in the primary structure (i.e. the amino acid sequence) of the mono- 

25 mer, but relates to the formation of the three-dimensional conformation of the dimeric product which is 
associated with the biological activity. This process includes the formation of disulfide bonds and the associ- 
ation of monomers into dimeric structures. 

Before being subjected to refolding conditions, the monomeric TGF-0-like protein has to be present in a 
denatured (i.e. unfolded) form. Capable of effectively denaturing proteins are so-called chaotropic agents well 

30 known in the art, which, in aqueous solution and in suitable concentrations change the spatial configuration of 
the respective protein through alterations at the surface thereof, either through altering the state of hydration, 
the solvent environment, or the solvent-surface interaction. Examples of such chaotropic agents or denaturants 
include urea, guanidine hydrochloride, sodium thiocyanate at concentrations in the range of about 4 to about 
9 M, and detergents such as SDS, which are supplied in concentrations in the order of 0.01 to 2 percent. Also, 

35 acidification of the aqueous solution containing the TGF-0-like protein to a pH of about 2 to about 4 as well as 
basic conditions of e.g. pH 10 and above and elevated temperatures will result in denaturation of the monomer. 

The term "refolding conditions" refers to buffer conditions wherein the denatured monomer is permitted to 
assume a conformation associated with the biological activity. Conventional buffer systems such as Tris, phos- 
phate or citrate buffers can be used at a pH of about 6 to about 1 0. Under refolding conditions intra- and interc- 

40 hain disulfide bond formation is promoted. Such conditions include the presence of a solubilizing agent and a 
redox system which permits the continuous oxidation and reduction of the thiol/disulfide pairs. The buffer sys- 
tem may additionally contain suitable salts. 

Suitable solubilizing agents are detergents, preferably mild detergents, organic, watermiscible solvents, 
or phospholipids or a mixture of two or more such agents. 

45 Detergents are surface active compounds, such as SDS, Triton or Tween, used in a concentration permit- 

ting folding of the TGF-0-like protein. Preferred are mild detergents which permit folding of the monomeric TGF- 
p-like protein into the spatial conformation which after dimerization is associated with the biological activity, 
while retaining said monomer in a soluble form. MOd detergents, which solubOize TGF-0-like proteins without 
inactivating them can be non-ionic (e.g. digitonin), cationic (e.g. N-[2,3-(Dioleyloxy)-propyl}-N,N,N-trimethylanv 

so monium ; Duzgunes, N. et al. (1989) Biochemistry 28, 9179-9184) or anionic (e.g. sodium cholate, sodium 
deoxycholate) or zwitterionic ones (e.g. sutfobetaines (Zwittergent), 3-<3-chlolamidopropyi)dimethyfammonio- 
1-propane-sulfonate (Chaps), 3-(S-chlolamidopropyl)dimethyIammonio-2-hydroxy-1-propane-sulfonate 
(Chapso)). They are present in the refolding buffer at a concentration of ab ut 1 to 100 mM, especially in the 
range of 30 to 60 mM. Preferred detergents are the zwitter-ionic det rgents 3-{3-chlolamidopropyl)dimethylam- 

55 monR>-1-propanesu!fonate and 3-(3-chlofamidopropyl)dimethylammonio-2-hydroxy-1-propanesulfonat . Most 
preferred is 3-(3-chlolamidopropyl)dimethyIammonio-1-propanesulfonate. 

Organic water-miscible solvents can replace the detergent in the refolding buffer. Such solvents are, for 
xample, acetonitrfle, lower alkanois, especially C2-C4 alkanols such as ethanol or isopropanol, or lower alkan- 
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diols, specially CrC* alkandiols such as ethyl ne-glycol, at a concentration range of 10 to 50 percent per 
volume. 

Alternatively, ph spholipids can replace th detergent or the organic, water-miscible solvent in the refolding 
buffer. Such phospholipids are, for example, phosphatidylethanolamine, phosphatidylcholine, phosphati- 
dyfserine and phosphatidyiinositole at a concentration range of 0.1 to 5 mg/ml as well as synthetic phospholipid 
derivatives or variants such as dihexarioylphosphatidylcholine or diheptanoyiphosphatidylcholine in the same 
concentration range. 

Suitable redox systems which encourage the formation of disulfides are e.g. low molecular weight sulfhyd- 
ryl/disulfide reagent combinations such as glutathione in its oxidized and reduced form, dithiothreitol in its 
oxidized and reduced form, JJ-mercaptoethanol or p-mercaptomethanol in its oxidized and reduced form, cystine 
and its reduced form, and cystamine and its reduced form at a concentration of about 1 to 100 mM, especially 
of about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced form is between 100 : 1 and 1 : 
100, especially between 6 : 1 and 1 : 6. 

The preferred sulfhydryl/disulfide redox system is glutathione in its oxidized and reduced form. 

Alternatively, thioredoxin or disulfideisomerase at a concentration range of about 10 to 1000 u.g/ml, espe- 
cially of about 50 to 200 ug/ml can be used instead of the low molecular weight sulfhydryl/disulfide reagent c m- 
binations. 

Salts which can be used in the refolding buffer include salts of Na*, Li*. K + , NH 4 + , Mg 2 *, Ca 2 +, or Mn 2 * with 
CI-, F- Br, J- t HCO3-, S0 4 2 -, phosphate, acetate, cyanate or modanid, or other alkali metal- or alkaline ear- 
thmetal-halogen or pseudohalogen compounds at a concentration of up to 3 M. Preferred is NaCI at a concen- 
tration of 1 to 2 M. 

The invention particularly relates to a process for the production of a dimeric, biologically active Transform- 
ing Growth Factor type p-like protein, comprising subjecting the denatured, monomelic form of said TGF-0-Jike 
protein to buffer conditions comprising a low molecular weight sulfhydryl/disulfide redox system in the presence 
of a solubilizing agent at a pH of about 6 to about 1 0 and a temperature of about 0°C to about 37°C. Preferably, 
the pH is about 8.0 and the temperature is about 4°C. 

In a preferred embodiment the sulfhydryl/disulfide redox system is glutathione in its oxidized and reduced 
form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the reduced form is 
1 : 1 to 1 : 2, and the weak detergent is 3-{3-chlolamidopropyI)dimethyiammonio-1-propanesuffonate at a con- 
centration of about 30 mM to about 60 mM. 

Particularly, the production of a dimeric, biologically active TGF-{Wike protein is performed in a one step 
procedure, wherein the monomer of said protein is dissolved in the refolding buffer and the reaction mixture is 
incubated for 2 to 400 hours at 4°C while refolding and dimerization continuously take place. The protein con- 
centration during the refolding reaction is of considerable importance since when being too high, the monomers 
might undergo substantial aggregation leading to the formation of undesired higher-order oligomers. Final 
yields of dimeric product are increased, if the protein concentration is less than about 2 mg/ml, a concentration 
range of 0.01 to 0.5 mg/ml is preferred. 

Optionally, to further promote disulfide formation, an effective amount of an oxidation promoting agent con- 
taining Cu 2 *ions (such as CuCI 2 . Cu(N0 3 ) 2 or o-phenanthroline/Cu 2 * complexes) or Fe** ions (such as FeCI 3 
or Fe 2 (S0 4 ) 3 ) might be added to the refolding buffer. An effective amount is the amount which at minimum will 
be necessary to conduct the oxidation of sulfhydryl groups within a convenient time period and which is 
approximately equivalent to the concentration of free sulfhydryl groups in the TGF-p-like protein which are des- 
tined to be involved in forming the desired disulfide bonds. Preferable amounts range between 0.01 to 100 nM. 

Furthermore, 0 2 or air may optionally be bubbled through the refolding buffer either in the presence or abs- 
ence of oxidation promoting agents. Oxidation may also be performed using l 2 (Kamber, B. et al„ 1980, Helv. 
63, 899-915) or Benzochinon derivatives (Kamber, B. PCT appl. WO 89/01484). 

Sulfonation of proteins can be used to cleave disulfide bonds and to block the resulting thiol groups. Mono- 
meric TGF-0-like proteins can optionally be S-sulfonated and thereby be prevented to become oxidized before 
being exposed to the refolding conditions. S-sulfonation is performed using sodium sulfite in the presence of 
a reducing agent such as cysteine, resulting in the reversible protection of thiol residues as S-suIfonates. Under 
refolding conditions, the protection groups are removed by the excess of the sulfhydryl/disulfide redox system 
and dimerization occurs spontaneously. 

The inv ntion relates furth r to a process for the production of a dimeric, biologically active TGF-fWike pro- 
tein, in which the monomeric form of said TGF-|3-lik protein is produced by the steps of : 

(a) culturing a microbial host comprising a nucleotid sequence encoding the TGF-0-like prot in linked in 
the proper reading fram to an expr ssion control sequ nee such that said protein is expressed, 

(b) recovering the TGF-0-like protein in a denatured, monomelic, soluble form, 

Suitable microbial h sts are y ast strains as Saccharomyces cerevisia or bacteria such as Escherichia 
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coli or Bacillus subtilis . 

Microbial hosts comprising a nucleotide sequence encoding the TGF-p-Jike protein linked in the proper 
reading frame to an expression control s quenc can be prepared by recombinant DNA techniques which are 
well known in the art and which comprise the st ps of 

- preparing a hybrid vector comprising a DNA sequence encoding the TGF-(Wike protein under the exp- 
ression control of a suitable expression control sequence, 

- transforming said microbial host with said hybrid vector, and 

- selecting transformed microbial host cells from untransformed host cells. 

The nucleotide sequence coding for TGF-£-l ike proteins such as mature human TGF-J51 , TGF-02 or TGF-J33 
are known (Derynck, R. et ai. (1985) Nature 316, 701-705 ; Marquardt, H. et al. (1987) J. Biol. Chem. 262, 
12127-12131 ; Ten Dijke, P. et al. (1988) PNAS 85, 4715-4719) and can e.g. be chemically synthesized by 
methods known in the art Alternatively, cDNAs encoding TGF-0-like proteins can be prepared after isolation 
of the respective mRNAfrom TGF-fWike proteins producing mammalian cells. Expression control sequences 
are promoter sequences which ensure the effective expression of the TGF-p-like proteins. 

The selection of a suitable vector is determined by the microbial host cell provided for the transformation. 
Examples of vectors that are suitable for the expression of the TGF-f*-like protein in an E. coli strain are 
bacteriophages, for example derivatives of the bacteriophage X t or plasmids, such as the plasmid pBR322 and 
its derivative pPLMu. Suitable vectors contain a complete re pi icon and a marker gene, which renders possible 
the selection and identification of the microorganisms transformed by the expression plasmids by means of a 
phenotype feature. Suitable marker genes impart to the microorganism, for example, resistance to heavy met- 
als, antibiotics such as ampicillin or tetracyclic and the like. 

Several promoters can be used for regulating the expression of TGF-|S-like proteins in E. coli . Especially 
promoters of strongly expressed genes are used. Suitable promoters are the E coli lac, tac, trp and Ipp prom- 
oters, furthermore the phage XN or the phage XpL promoter, and others. 

Vectors suitable for replication and expression in S. cerevisiae contain a yeast-replication origin and a 
selective genetic marker for yeast Hybrid vectors that contain a yeast replication origin, for example the 
chromosomal autonomously replicating segment (ars), are retained extrachromosomally within the yeast cell 
after transformation and are replicated autonomously during mitosis. Also, hybrid vectors that contain sequ- 
ences homologous to the yeast 2 u, plasmid DNA can be used. Such hybrid vectors are integrated by recom- 
bination in 2 u plasmids already present within the cell, or replicate autonomously. Suitable marker genes f r 
yeast are especially those that impart antibiotic resistance to the host or, in the case of auxotrophic yeast mut- 
ants, genes that complement the host lesions. Corresponding genes impart, for example, resistance to the anti- 
biotic cydoheximide or provide for prototrophy in an auxotrophic yeast mutant, for example the URA3 , LEU2 , 
HIS3 or the TRPI gene. 

Promoters suitable for expression in yeast are, for example, those of the ADHl , ADHll , or PHQ5 gene, and 
also promoters involved in glycolysis, for example the PGK or the GAP promoter. 

Optionally, signal sequences which allow the secretion of the TGF-p-like protein can be included in the exp- 
ression vector. Suitable signal sequences are e.g. derived from the yeast acid phosphatase (PHQ5 ) or the yeast 
invertase gene. 

The transformed microbial hosts are cultured in a liquid medium containing assimilatable sources of carbon, 
nitrogen and inorganic salts, applying methods known in the art 

Various carbon sources are usable. Example of preferred carbon sources are assimilable carbohydrates, 
such as glucose, maltose, mannitot, fructose or lactose, or an acetate such as sodium acetate, which can be 
used either alone or in suitable mixtures. Suitable nitrogen sources include, for example, amino acids, such as 
casamino acids, peptides and proteins and their degradation products, such as tryptone, peptone or meat ext- 
racts, furthermore yeast extract, malt extract, com steep liquor, as well as ammonium salts, such as ammonium 
chloride, sulphate or nitrate which can be used either alone or in suitable mixtures. Inorganic salts which may 
be used include, for example, sulphates, chlorides, phosphates and carbonates of sodium, potassium, mag- 
nesium and calcium. Additionally, the nutrient medium may also contain growth promoting substances. Sub- 
stances which promote growth include, for example, trace elements, such as iron, zinc, manganese and the 
like, or individual amino adds. 

The monomelic TGF-fWike protein is recovered from th microbial host cells by methods well known in the 
art These methods indude lysis or mechanical disruption of the cells in order to rel ase th desired protein, 
followed by the separation of the TGF-0-like protein from the host cell proteins, e.g. by precipitation and/or 
chromatographic means. 

In cases where the monomeric TGF-0-like protein is produced in the microbial host cells as an insolubl 
aggregate (indusion body) it has to be solubilized before b ing xposedtoth refolding conditions. Accordingly, 
the present invention further relates to a process wherein th monom ric TGF-^-like prot in is produced by 
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the steps of : 

(a) isolating the water-insoluble protein fraction containing the TGF-p-like protein from the host cells and 

(b) solubilizing the TGF-p-like protein. 

Solubilization and d naturation of the monomer is achieved by acidification of the crude protein suspension 
5 containing the monomelic TGF-p-lik prot in in the non-soluble form to a pH of about 1 to about 4, pref rably 
to about2.5, optionally in the presence of a reducing agent, such as DTT, or by the addition of chaotropic agents, 
preferably guanidine HCI or most preferably urea, in a concentration of about 4 to 9 M f basic pH or elevated 
temperatures as described before. The solubilized monomer can be purified from solubilizing chaotropes by 
dialysis and, if a precipitate occurs during dialysis, by additional centrifugation. The solubilized monomer is 
10 chromatographically purified and used for refolding to get the biologically active, dimeric product 

After refolding, the biologically active dimer is purified in order to remove impurities, in particular, pyrogens 
or other endotoxins which might be present in the preparation after production of the recombinant protein in 
microbial host cells. Separation of the dimer is performed by chromatography such as sizing gel 
chromatography, hydrophobic interaction chromatography or ion exchange chromatography, e.g. on a Mono 
is S column and reverse phase HPLC. 

The present invention further relates to dimeric biologically active TGF-p-like proteins when produced 
according to the process of the invention. These TGF-p-like proteins can be used in a variety of therapeutic 
modalities. 

The invention relates further to a monomelic, S-sulfonated TGF-p-like protein, which can be produced by 

20 S-suIfonating the monomeric TGF-p-like protein. Monomeric, S-sulfonated TGF-p-like proteins are novel com- 
pounds, which can be used for the production of biologically active, dimeric TGF-p-like proteins. 

The present invention concerns further a pharmaceutical composition comprising an effective amount of 
a dimeric, biologically active TGF-p-like protein produced according to the invention, or a pharmaceutical^ 
acceptable salt thereof in dosage unit form. 

25 Such composition is in the form of infusion solutions or preparations for parenteral, for example intramu&- 
cular or intravenous, oral, or especially for local, i.e. topical, administration, respectively. The solutions are pref- 
erably isotonic aqueous solutions or suspensions which can be prepared before use, for example fr m 
lyophilised preparations which contain the active ingredient alone or together with a pharmaceutically accept- 
able carrier. Solutions for parenteral use are usually aqueous solutions. They are prepared in conventional man- 

30 ner and may contain in addition to the active ingredient physiological saline, a stabilizer, such as human serum 
albumin, amino acids, such as arginine or glycine, and a carbohydrate, such as glucose, mannose, dextran or 
hydroxyethyi starch. The pH may be adjusted with a buffer, e.g. a phosphate, succinate or an amino acid to 
about 4.5 to 7. Usually the vials are filled with the solution and lyophilized for longer storage. 

The compositions contain conventional adjuncts, for example preservatives, stabilisers, wetting agents 

35 and/or emulsrfiers, solubilisers, salts for regulating the osmotic pressure and/or buffers. The present phar- 
maceutical compositions, which may, if desired, contain further pharmacologically valuable substances, are 
produced in a manner known per se, for example by means of conventional mixing, dissolving, lyophilising 
and/or sterilising processes, and contain from approximately 1 ng to 100 ug/g, especially from approximately 
10 ng to 10 jig/g of preparation, and in the case of lyophilisates up to 100%, of the active ingredient 

40 The TGF-p-like proteins are dual in character in that they on the one hand stimulate the proliferation of 

certain cell types, namely fibroblasts, and on the other hand inhibit the proliferation of other ceil types, namely 
tumor cells and cells of the immune system. 

The dimeric, biologically active TGF-p-like proteins produced according to the invention, optionally in the 
form of their salts, such as in particular non-toxic pharmaceutical acid addition salts, optionally in form of phar- 

45 maceutical formulations, are applied in an effective amount By the form •effective amount" is intended an 
amount which exerts a significant healing, e.g. an amount which stimulates the desired cells to grow and which 
is not toxic to normal cells. This amount can be determined e.g. by in vitro growth experiments. Due to the dual 
character of TGF-p-like proteins, an "effective amount" is also such which to a significant extent inhibits the 
growth and proliferation of tumour cells and cells of the immune system. If human or veterinary use is intended, 

so the amount has to be adjusted to the particular tissue to be treated, the mode of application, the severity of the 
disease, and the age and general condition of the patient to be treated. In general, the either single or daily 
dosages for adult humans will be in the range of about 0.01 to 20 ug for both the growth stimulating and the 
inhibiting effect 

The pharmaceutical composition of this invention have a clinical use in th treatment of animals, particularly 
55 mammals, more particularly human beings, and, in th case of wound healing, most particularly of old human 
beings. 

The compositions of this invention promote cell migration and proliferation. Since wound healing involves 
both cell migrati n and cell proliferation patterns these in vitr findings become directly relevant to the in vivo 
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wound healing process. 



s slowerand this group of patients tends to show a hZ^ZT' hy P60ple fte wound hea «ng process 
flcuhr. human medicine: ""W"™ of this invention are proposed for both veterinary and in oar 

10 as to the type of wound that may be treated, ^SXJTSSS "^f J* ^ There « « «mj£ 

and third degree) ; surgical indsions (in 
Ondudmg ( n^ions. penetrans Jacerato^ 

.ng ttose .nduced during radiotherapy). When appHed ZT! the induced wounds (indud- 

growth factors). There are no limitations as to toeSlTX^J*"? 0 ™' ^^y^t unknown, secondary 
maceuhcaJly and physiologically t^i^^^^? 9 "^ exce # «* *ey must be pha? 
harmfully toxic, the active ingredients «Tc££ZnXZT *• » ^ 

25 ■» "° W*» as to the type of ^0^^^^?^?^^ ° r is not J J 

other intestina. ulcers. When applied sy2m5 y thTcomno^ ^ ^ : ^ *«*•"-«! 

J** tablets. iozenges for enterafadmSLton SEESS f entk>n ^ * fcf ™ ,ated 38 
ment of mtemal indsions following surges, they may be in th X? ? for P arent eral injection. For the treat- 
o ^JP^Iogi^ meact/ ""S^' Preferab, y ln ^nation 

b.ned w,th other ingredients such as adjuvant «S£T sollr 9red ' entS ° f *• may be com- 

unknowr |. second^ growth factor(s). tL£ZZZ£!!^ T ^ "* k "° Wn ' or 38 * 
■ST* ** w pharmaceuti ««y and Plfl-otao^tS^ ^ in£,redients ■»* 

and.oca fi onofmewound.;n;a,r^ 

n!fi t > k da ^ ani<Wn ^ 0 ^'' 10 ' na ' >ou ' ^ ^M9 o^T^^B-Hkefar'f 11 * patient to be treated. In generaTa 
ntant healing effect For.intemal u S e !h JJ!^Z^r 1 of * ound has al A a sig- 

treatment of cancer!!; ^^T^Z^ 9 * « b °"° - repair 

Examples 

«• MM, illls(ral . w| „, oul ^ ^ to ^ 

Baaai - gonin 3 , M Mmmh1 ^ f . TSF-B2 am| tcc _^ ^ 

50 A. Culturing ofcells 

fid 10% foetal calf ssnan.^^^ (^aicon T75) containing Dirib cco's Modified Eagl M diuni fftMEM^ Giboo) 
B. RNA extraction 
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C. Synthesis of cDNA 



45 



50 



and dTTP, 50 units RNase inhibitor (PrL^a^Z^ Jtf ' I mM ^ dATP> dCTP " dGTP 
tase (Gibco-BRL). The reaction is L^f^^^^^T^ ^sreverse transcrip- 
second strand buffer containing 20 mM TRISMta # b h? « «f J" « reaCt,on 15 then t,,,uted to 4 °° W with a 
^-addedandme^ 
20 on ice for 5 minutes and 125 units of E coli DNA ™iJmV«l /TL f 6 reacb0n murture is coo,ed 
then incubated for a further 2 hours atl^ 40^ T^Tnr. "* ^ The mixh "* * 

1. v/v) extraction. To the aqueous phlse 1/10 vdunfe^f 3 I ^ ^T™* * * 0 = 

-a*edw^ 

* etha^nS^ ™» * *• ^ » washed twice wt h 70% 

in an agarose ge. in TR^borate bu ^ r 7*1*^1^ , " T ^ horesed 

Biolabs). ; P e reacifcn *f ^"gland 
*> dissolved in sterile water as described above Phen0,/Ch,0,oform and the * ethanol precipitated and 

forioll^ 

acetate. 0.5 mM DTT and 0.1 mM a^W^£5i XZ?' I "^P° tass,um ace ^. 10 mM magnesium 
perature and then 20 units o^KSJirSSSSinS^^^l^ 7 ^ ^ " ^ * ^ ^ 
» temperature and 5 minutes on ice. After aTd^^ 

extracted and the cDNA is ethanol precipitated' arj IdSSSU f ^e^TsZ^T^^ 

ATP at 16»C using 4000 units T4 D^ i^ i^^^^J'S: 10 mM MsCI * 20 mM DTT . 1 "M 
o 70X for 10 minutes, the reaction J dtt T^^^S^T^ mm *T * 
and is digested with 1000 units of EcoRI fBoehnWrt wTk ( „ 1S >' 6 mM Ms °* 100 mM Na CI 
the reaction mixture is heated at 7<^w£Z2^^ ^ 5 ° ^ " M E ° TA " 3dded and 
A15M column (20C-400 mesh Bic-RadHo —21. ? a< *° n fe directty added to a Bto ^' 

elutes in the exdusion volume" } m ° n0mer ,inker ^"te. cDNA of more than MO bp 

D - Cloning into lambda gt1 1 

eopreeipitalM in ethanol w» 1 M of gal 1 deohoShn~i«»?.~ «** "on •» Bnn* AMI column are 

rrr ° ,T4 dna *- ^ 'StitS'st ,22 <M, i 6ooo) 

c ntnfuged for 10 minutes and th pellet is resu^nrfoH :„ -in T J 1 •■ The reactl0n m «t"re is 

3 hours at room t mperature m^^S^^ OSM^T 17 *° f0r 
50 mM TRIS/HCI (pH 7.5) 100 mM NaCI 100 mM E „ M phage dl,ution ^r containing 

25 „ of ch.orofom! P A added and •» 

rose-rr ( S,ma).thE,^ Y1 o 9 Oce P ,sa 9 sdescred^ 
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EScreening and selection of clones containing TGF-B1. TGF-B2 and TGF-B3 inserts 

Six r plica nylon filters (Cuno) are made from ach of the 10 YT-plates and th ohaoes on the filter* ara 
. JT^*? °' 5 M Na ° H ' 1 - 5 M N3CI 3nd " eU,ra, * ed 85 described " "Mole ula ao'ng TlZ^Z 

n Sf ? ^ 5 mi " UteS 3nd the " P reh y bridi2ed 1*4 hours at 45-C in 2 x SSC. 1% SDS 0 1% ficoll 
0.1% polyv.ny.pyrrol.done. 0.1% bovine serum albumin. 50 mM NaPO, ( P H 6.8). 50 ugim. denated salmtn 

at 45 C ,n the prehybnd.zat,on bufferto which one out of six different ^-labelled 39 bpoligomers (see 3 
o to a concentration of 2 x 10* cpm/ml had been added. °»gomers (see below) 

The six oligomers used for hybridization are synthesized on an Applied Biosystem DNA Synthesizer and 
corr^pond to me nucleotide sequence encoding either the first amino acids (oligomers ^3 and 5 oX fas, 
am I noac,ds(ol,gomers2.4and6)of m ema 

(see SEQ ID No. 2) and TGF-B3 (see SEQ ID No. 3). respectively. } " 
5 The two oligomers used for the detection of TGF-B1 sequences are • 

1) 5' GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACQ GAG AAG 3' 

2) 5' TCA GCT GCA CTT GCA GGA GCG CAC GAT CAT GTT GGA CAG 3' 
The two oligomers used for the detection of TGF-B2 sequences are • 

3) 5' GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3' 

4) 5' TTA GCT GCA TTT GCA AGA CTT TAC AAT CAT ATT AGA AAG 3' 
The two oligomers used for the detection of TGF-B3 sequences are • 

5) 5' GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3' 

6) 5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT GTT GGA GAG 3' 

40 ng each oligomer is labelled at its 3'end using 32 P -dATP and 20 units of terminal transferase (Gibco-BRL\ 

^^^llT^ 9 100 T P0tassium (PH 72) ' 2 mM SSSfSSS 

are^£ a ?^^^^ 

rt! ? ? o m ' nUteS and 3dded t0 *• P'ehybridization buffer as described above 

The replcas 1 to 6 are hybridized with oligomers 1 to 6. respectively. After hybridization the filters arP 

mZZZ^LkZ 1 X f Cand °- 1 * SSCat ™<-P^ 

^ots^leZ^Tr V ^ , by rcpeatin9 procedure *™ abov « until all of th 

plaques on the plate are positive. A single plaque is eluted in 1 ml of SM phage dilution buffer (see section 

^SVToSSl ^ d^H— Y T 061,8 *• ^ iS kept for20 minutes at ro^ tL e"Sr" 
SSMsE ho U ^ It ra hh P T ,1 ^ to 100 YT - mediUm C0 " tainin9 °- 2% ma,tose ™« '"Abated 
rnVtLS L JZ ,' n V, Chl0r0f0m, t0 the lySed cells ' the pha 9 e DNA P"rifi«J according to th 

^J^^STfSTi '■ A | Lab ° rat0ry ManUa '" ^ Mani3tiS - ^ Sp ^ a **■«* ry. 
New Yo* 1982). The purified DNA « dissolved in 1 ml 10 mM TRIS/HCI (pH 7.5). 1 mM EDTA and 100 id a ~ 

^^^^^^ 

7 "5 mM eS^ 9 P ' S WaSh&d ?0% ethan °' 3nd reSUSpended in 10 mM TlJSS (pH 

F. Sequencing of cDNA inserts 

fimJdlv dTbl^Sr SUbC '° ned "? B ' UeSCript KS * VeCt ° r P***™* The cDNA identity is con- 
fined by doubte-stranded sequencing according to the method described by F. Sanger et al (1977^ PNAS 

KT 2 ^CS ,no mature TGF " P1, TGF - p2 and TGF - p3 - ***** under SEQ 

G. Amplification of cDNA inse rts and subdoning into plasmid PGem-5 

The above oligomers (see secti n1.E)forid ntifyinq TGF-B1 TGF-B2 anrf tpc b-j m 
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under the fdowing temp ^ - Pe^rmed 

minutes. 7W1.5 minutes The resultoL 3 rhn feSr . at '" 9 B ' 0Ck: 93OC/0 - 1 minutes - 

5 and TGF m «cLT . ? 9 p ^S" 16 " 18 covering the coding sequences of TGF-81 TGF r? 

carrymg the correct inserts encoding TGF-B1 TGF-B2 and TGF ^T^tLI- . ° eMs ,i see exam P ,e 2 >- c '°nes 

Example Expression of T GF-31. TGF-B2 and TGF-B3 in E. coli 
A. General methods 

15 

Bacterial strain (E. coli K12) : 

81. W^SsJT"' ' 0nR9 ' ^ ma,am * **~ Ph0an " ^ ^ : :Tn1 °' SUpC * (G ° ff ' et * < 198 *> PNAS 

20 

Plasmids : 

pPLMu: (Buell.G.etal. (1985) Nucleic Acids Res 13 iQ9^i<Mm rtv . ^ 

pc " i "' ss^s.r" a * — • * — 



SDS gei-eiectrophoresis ; 



30 



(Laemn^ 

polyaaylamide qels. ' ' " 9 me M,n, P rotean » <*« from BIORAD and 1 mm thick 18% 



polyacrylamide gels. 
55 Heat induction 



40 



45 



inaLlr^ 

sing,e coiony and ^^,^^^1^1 So^f.^T^ " '■"^ 3 
of LB/amp/kan in a 100 ml ErienmeverflaL ThTJ2«? c 1 f 5 ° Vem,9ht CUlture are added to 15 ml 
is taken before transfeC^ 

ing conditions). Cells are oe leted Z 3? J P S * 1 nourinte ' va| s after the transfer (indue- 



Preparation of competent ceils : 



50 



at30»C. opnng naroor Laboratory. New York. Cells carrying plasmid pcW are grown 




55 



E^coji Y1090/pGKM 125, E. coli Y1090/ P GKM 740 and E coli Y1090/dGKM i?fi /c ■ < ~ 
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20 



25 



^suspended " 80 ^l 0.089 M TR.S borate. 0.089 M bon^ 
5 bromphenol blue and 0.25% xylene cyanol. 4 times 20 ul samoles ^ JTp^h« ^ ° «ntain.ng 0.25% 
ge. in TBE buffer containing 0.5 ^/rTethidium bromide SfSTa T 

» DMA fragL'ts are pr^T "et .^E2ES ZE^lf ^ * " ^ ^ ^ 
5 pi of plasmid pPLMu are linearized by digestion with either Ncol and <? a ii m«,i,^c 
and gel purified as described above for the fragment DnZ 100 no iSi2L* ? ? 2™ ° f Nc °' 3,006 

is containing 1 unit of DNA ligase (Boehringer). * mM adenos '"«-* Phosphate) 

10jiloftheligationmixtureareaddedto200nlofcold(4 o C)comDetenfF miii ri-j 7 .. 
pd.* After 30 min the cel.s are heat shocked byLb^toSK^^^^^'' 1 
are added and the culture is shaken for 60 min at 30«r ?nr, . Ir J? , ml of LB med,um 

ampicOlin and kanamycin and lJSS£SSi^ ^s£«KS ^l, 0 " * P,a,eS ^ 
is analysed. Subdoning of the DNA tagS «2i for TOF 8 f t?f «f Md P,aSmid DNA 

plasmids pPLMu.hTGF-B1 pPLMu hS^n^St J^tS' P and TGF " p3 in pPLMu results in 
constructs are refen-ed to « E^n c S u If? 3, respective| y- clon « containing the above 
137/pPLMu.hTGF^ r^P^leF 137/ P PLMuhT GF- P 1 . E^coli LC 137/pPLMu.hTGF-B2 and EcoM LC 

areh^ced^^ 

and tSSS^ST k P f- ] 6 ex P ressed P rot eins are analysed by SDS-PAGE TGF-81 TGF-62 



C. Fermentation of transformants 



flasksarecooleddov^to 1?C^ an^ 

at 8.000 rpm in a GSA rotcf (Sowa" I) 1)31,1 and th e cells are collected after centrifugation for 1 0 minutes 

«, E ^~ 3 - ; EXPfeSSi0n ° f TGF - B1 TRF -r T6F-B3 in Sacch^-c 

The coding sequences of mature TGF-B1 TGF-B? *nH Trc a* ^ . « 

^""^n^e^p^^^^^^^ 

The expression vectors are constructed in two steps: ^khusj. 
A. construction of plasmid pJDB207/PH05-RIT 12 

the control of the PH05 promoter. P GF ' p3, re «P«*»to ""der 

50 A. Construction of plasmid pJDB207/PH05-RIT 12 

Win, n. 276 »p S1h oBF^ se^l ^™ ^ ""*■»»"* conv 
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12. 

B. Construction of plasmid pJDB207R/PH05-TGF-p2 

5 Plasmid pGKM740 (TGF-p2) (see example 1.G) is cut with Ncol. The sticky ends are filled in a reaction 

with Klenow DNA polymerase. EcoRI linker (5'-CCGGAATTCCGG ; Biolabs) are added and the mixture is 
ligated. The resulting circular plasmid is referred to as pGKMA668 (TGF-P2) and is cut with EcoRI and Sail. A 

0. 4 kb EcoRI/Sall fragment is isolated from an agarose gel, purified and resuspended in sterile water at a con- 
centration of 25 ug/ml. The fragment contains the mature coding sequence of TGF-p2 with an ATG in frame 

10 to codon GCT which defines amino acid Ala 1 of mature TGF-p2. 

The PHQ5 promoter is isolated from plasmid p31RIT 12 (see above) on a 534 bp BamHI/EcoRI fragment. 
Plasmid pJDB207/PH05-RIT 1 2 is cut with BamHI and Xhol. The large, 6.8 kb BamHI/Xhol fragment is isolated. 
The PH05 transcriptional terminator remains on the fragment The BamHI/EcoRI PH05 promoter fragment, the 
EcoRI/Sall fragment coding for TGF-p2, and the BamHI/Xhol vector fragment are ligated. One correct done 
15 with the TGF-P2 gene under the control of the PHQ5 promoter doned in an antidockwise orientation into 
PJDB207 is referred to as pJDB207R/PH05-TGF-p2. 

In an analogous manner, mature TGF-pi and TGF-P3 are expressed in S. cerevisiae . The plasmids con- 
taining the coding sequences of TGF-pi and TGF-P3 are pGKM125 and pGKM126, respectively (see example 

1. G). After digestion of these plasmids with Ncol, addition of EcoRI linkers and ligation, the resulting circular 
20 plasmids are cut with EcoRI and Sail. The EcoRI/Sall fragments are doned into pJDB207 as described abov . 

The resulting plasmids are referred to as pJDB207R/PH05-TGF-p1 and pJDB207R/PH05-TGF-p3. 

C. Transformation of S. cerevisiae strain GRF18 

25 Saccharomyces cerevisiae strain GRF18 (MATa, his3-11 t his3-15, leu2-3, Ieu2-112, can * DSM 3665) is 

transformed with plasmids 

pJDB207R/PH05-TGF-pi 

PJDB207R/PH05-TGF-P2 

pJDB207R/PH05-TGF-p3 
30 using the transformation protocol described by Hinnen, A. et al. (1978) PNAS 75, 1929. 

Transformed yeast cells are selected on yeast minimal medium plates defident in leudne. 

Single transformed yeast colonies are isolated and referred to as 

Saccharomyces cerevisiae GRF18/pJDB207R/PH05-TGF-p1 

Saccharomyces cerevisiae GRF18/pJDB207R/PH05-TGF-p2 and 
35 Saccharomyces cerevisiae GRF1 8/pJDB207R/PH05-TGF-p3. 

D. Fermentation of S. cerevisiae transfonmants and preparation of cell extracts 

The yeast transfonmants, as mentioned above, contain plasmids with PH05 promoter-controlled expression 
40 cassettes and therefore require derepression of the promoter for the expression of TGF-p1, TGF-P2 or TGF-p3. 
Transformants are each grown in two successive precultures (10 mi and 50 ml) in yeast high P ( minimal medium 
prepared according to the recipe of the Difco Yeast Nitrogen Base without amino adds but containing 10 g/l 
L-asparagine instead of (NH^CU, 1 g/l L-histidine and 20 g/l glucose. The cells of the second preculture are 
washed in 0.9% NaCI and all the cells are used to inoculate 1 00 ml of low P| minimal medium prepared according 
45 to the recipe of the Difco Yeast Nitrogen Base medium (without amino acids), but containing 0.03 g/l KH 2 P0 4 , 
10 g/l L-asparagine f 1 g/l L-histidine and 20 g/l glucose. The cultures are agitated at 30°C at 180 rpm. 

Cells from 10 ml of culture are collected at 5 h, 24 h and 48 h by centrifugation at 3000 rpm and washed 
once in 0.9% NaCI. The cell pellet is resuspended in lysis buffer [66 mM potassium phosphate pH 7.4, 4 mM 
Zwittergent (Caibiochem)]. 8 g of glass beads (0.5-0.75 mm in diameter) are added and the suspension is sha- 
50 ken vigerously 4-5 times for 2 min each on a Vortex Mixer in the cold. The cell extract is decanted to get rid of 
the glass beads. Cell debris in the extract are sedimented by centrifugation for 5 min at 3000 rpm at 4°C. The 
sup matant and pellets are s parated and stored at -20°C. 

Exampl 4: Production fdimeric, biologically activ TGF-P1, TGF-p2 and TGF-p3 

55 

The procedures given belowforthe production fdimeric, biologically active TGF-p2 can be applied in anal- 
ogy for the recovery of dimeric, biologically activ TGF-pl t TGF-p3 t and other *TGF-£-like proteins", respect- 
ively. 
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A. Recovery of n n-soluble, monomeric TGF-P2 from E. coli 

rv !f' n '^c If 0 *""? 06,15 fermerted 35 d6SCribed in exam P' e 2 " C - 0611 di ^Ption and recov- 

TRlsLn ?n mcIt^ '? Perf0m,ed 31 4 ° C - Ab ° Ut 18 9 0f wet Cel,s are i" 60 ml of 0 1 M 

TRIS/HCI ,10 mM EDTA. 1 mM PMSF (Phenyl Methan Sulphonyl Fuoride), pH 8.3 (disruption buffer) The c Ite 

STSi ^ ■T*' k 3 FrenChPreSS (SLM lnStmmentS - * < he -nufS re T ^ 

aM 5 oSo ? ^ I 8 IT2 t0 m ' Wilh diSmPti ° n bUff6r - Th6 SUSpenSi0 " is for »S 

at 15.000 g. The pellet obtained ,s suspended in 100 ml disruption buffer containing 1 M NaCI and centrifuoed 

for 10 mm as above. The pellet is suspended in 100 ml disruption buffer containing 1% Triton X iS (p2 

J SSUrT 10 ^ 38 ab0Ve< The W " hid Pe " et iS *™ SUS P ended ' n 50 ml of 20 hStSS 
1 mM EDTA. 1 mM PMSF. 1% DTT and homogenised in a Teflon tissue grinder. The resulting ««™2fS 
tains crude monomeric TGF-p2 in a non-soluble form. suspension con- 

B. Solubilization and purification of monomeric TGF-P2 

acid to dH 2TmI «n^n2 enS ' 0n |= 0btei ?i aCOTrdin9 t0 6Xample 4 ' A or4 - C are acidified 10-/. acetic 
aad to pH 2.5 and centnfuged in an Eppendorf centrifuge for 10 min at room temperature. The supernatant is 

^ on a Se P" a «y WOO column (Pharmacia. 2.6 x 78 cm) in 10% acetic acid atTZ Ste of 
14 Ml/mm. (Alternately, the chromatography can be performed on Sephacryi S-1 00 HR (PharmLTand the 

IT ^ " 5 mM HCL reSPeCt,Ve,y ) Pra ^n^n b ining JnSSSSE 

^iSSSS"/ 3 220 mi " ^ P"* 4 ThiS "^s^' is used for refo,din 9 to get biologically 

acuve, d.menc TGF-B2 (examples 4.G.J.K.L) or for further purification for structural analysis (examp^et^ 

C. Recovery of monomeric TGF-P2 from Saccharomvces cerevisia* 

The pellet of broken cells obtained from a 500 ml fermentation performed as described in example 3 D is 
suspended in 20 ml 4M urea. 0. 1 M TRIS. 1% DTT. pH 8.0. The mixture is kept at room tempS e for 30 
ST? J?"! ^ 5 minUteS - ,nSOluble material is — e d by cZfSIESSS 

"""f at 4 ° c - ^ solution ■» as «bo»rtth.ci««i™£SS22SS 

on Sephacryi S-100 HR (Pharmacia) ,n 5% acetic acid as described in example 4.B yielding monomeric TGF- 



D. Further purification of monomeric TGF-B2 by RP-HPLC 

2U^HPlS^7£ nS ^ m "SO*""* S - 1 °° CO,Uri,n (6Xamp,e 4 ' B > are P urified °" a Vydac 
^14TP5415 HPLC reverse phase column (4.6 x 150 mm. The Separations Group. Hesperia CA. USA) The 

oriumn , - equated in a mixture of 70% TFA 0. 1% in water and 30% TFA 0.08% in acetonLe and ^e pre! 
JS? ZtZZnTf""* T 30 endi " 9 With 3 miXture 0f 55% TFA 0.1% in water and 45% ^FA 

•c .. T » G r? 2 *! I 0 * 0 " 8 3re analySed by Rp - HPLC ^ing the same column and solvent system as above TGF 82 
* eluted by a ..near gradient over 42 min starting from 100% TFA 0.1% in water ^Tn^^reof 
30% TFA in waterand 70% TFA 0.08% in acetonitrile. TGF-p2 is eluted as a sinqle peak after 30 i ml rwInH 

,ns ^jse? °?r us r retenuon of 29 min and 299 ^T^%%^::^ pend - 

U^ '^^uT^ ^^ f"!*"* redUCed ^ ^ TGF -P 2 03«* Biotechnology 
T^T'tS^ has an ,dent,cal P nfnai y structu « as human TGF-P2 (Marquardt H et al (19871 

BK,L ^ 262 ' 1212 7-1213D. The mtture e.utes as a single peak confirming the Sy of me m2 

E. Analysis of monomeric TGF-P2 by SDS-PAGE 

Individual aliquotsofthe Sephacryi S-100 column (exampl 4.B) or the revers oha* ™i,, m n/«, 
4 D) are dried in vacuo and analysed by SDS-PAGE (Lamm.' U.K. {^ZTj^e^^T 
rylamide slab gels stained with CoomassieBlu Rj«i te w >«, \>'v)nawr izi, 680) on 15% polyac- 
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F. N-t rminal am ino acid sequence determination of monomelic TGF-B2 

*h/« F " P2 f XamP ' e 4 ' B iS evaporated in vacu • Solved in 25 «d acetic acid and subjected to 
acid sequence determination on a gas phase pntein sequencer mod 1 470A (Applied Biosystems). 

The N-terminal amino acid sequence is: 

5 10 is 

Ala-Leu-Asp-Ala»Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X« 

X-Leu-Arg-Pro 

wherein X denotes an amino acid not positively identified. 

Similarly the N-terminal amino acid sequence is determined for the 4-vinylpyridine derivative of TGF-B2 
prepared as described by Marquardt, H. etal. (1987) J. Biol. Chem. 262, 12127-12131 P 
The N-terminal amino acid sequence is : 

The N-terminal amino acid sequence is: 

5 10 15 

Ala-Leu-Asp-Ala-Ala-Tyr-Cys-Phe-Arg-Asn-Val-Gln-Asp-Asn-X- 
20 25 

Cys-Leu-Arg-Pro-Leu-Tyr-Ile-Asp-Phe-X-Arg-Asp-Leu- 

^ wherein X denotes an amino acid not positively identified. Cysteine was determined as S-pyridylethylcyste.n . 
G. Generation of dimeric, biologically active TGF-32 

1M NaQ ?! SI? TuT ?f" P2 * Dm eX3mp,e 4 - B fe diSS0,Ved in 140 «"» 50 mM ™HC pH 8.0. 
« 1« S i 2 mM reduced 9'"tathione, 1 mM oxidised glutathione and 33 mM Chaps (Calbiocheml 

S S f ° ^ PH ° f the S0 ' Uti0n " ad * Sted to pH « "a and the «wS?iS5SS 
tmes by^ultrafiltrafon on a YM 10 membrane (Amicon, Danvers, MA, USA) in an Amicon stirred o^ThToon 
cenfrated so.ut.on is diluted to the original volume with 10 mM HC. and concentrated to ISHSL of X 
by the same method. The precipitate formed is removed by centrifugation at 5000 g for 30 ZZZ 7h sum 
<o S2^Tk "?T dimenC TGF ' P2 35 jUd96d by SD ^ PAGE under "on-reducCcTnd^n T 

"xitsrary^ 

uJfTSetln^n If'" 9 m ° n0me : C TGF - P2 ' the S - sulfonated derivative (example 4.M) is 

™^^h?K ^ IT C 3Ct,Ve TGF ' P2 by applyin 9 "■•""y 1,16 P««di« described in iis 
« dmerS TGF 5 T^T VLT™ **** COncentration *** is 2M. Purification and isolation of toe 

CSJ-T methods as dimeric TGF " P2 9enerated ^ me underivatised 

H. Isolation of dimeric TGF-fg b y cation exchange chromatography on a Mono a ™i..mn 

* «,inI h „ e ^ nCen,rat f d Sd ^ i ° n fr ° m examp,e 4 ' G is app,ied at 3 flow rate of 1 "*Wn onto a Mono S HR 5/5 
£2 Si ■ i k i ^ A containing 1 M sodium chloride). The column is then washed at the same flow 

ELET 9 I K mUCtUre C ° mP0Siti0n C ° nStant unffl the absorbance readi "9 ^ 280 nm hatched 

basehn I vel follow d by a linear gradient over 20 minutes starting upon injection at the equHibratonSnS 

£££ 2° St3rt ' I" 9radi ^ 3nd """^ ma "^- As judged by biological activ^ deteltaSn 
f?^ *L 6r non - reduc,n 9 conditions and RP-HPLC no dimeric TGF-B2 was found in L flo^E 
fracton. Add.iona.ly. no monomeric TGF- P 2 was detect d by SDS-PAGE in th lenc TGF ^Z^Z* 
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from the column by the saJt gradi nt 

I. Furth r purification of dimeric TGF-P2 

Dimeric TGF-P2 from example 4.G is diluted with the same volume of 0.1 % TFA in water and subjected to 
RP-HPLC on a Vydac 214TP541 5 column (4.6 x 1 50 mm, The Separations Group, USA) equilibrated in a mixt- 
ure of 80% TFA 0.1% in water and 20% TFA 0.08% in acetonitrile. The column is eluted by a linear gradient 
over 40 min starting upon injection at the equilibration conditions and ending with a mixture of 60% TFA 0.1% 
in water and 40% TFA 0.08% in acetonitrile at a flow rate of 1 mJ/min. The eluate is monitored for absorbance 
at 21 6 nm. TGF-02 is eluted with a retention time of 32.7 min and collected manually. SDS-PAGE analysis und r 
non reducing conditions revealed a single sharp band of apparent molecular weight of about 25 kO. Th 
obtained dimeric TGF-p2 is of high purity. 

J. Alternative method I for the generation of dimeric, biologically active TGF-P2 

Monomeric TGF-02 from example 4.B is dissolved at a concentration of 0.1 mg/ml in 50 mM sodium phos- 
phate, pH 8.0, 2M NaCI, 5 mM EDTA, 2.5 mM cysteine, 1 mM cystine and 50 mM Chaps (Calbiochem). Aft r 
300 hours at 4°C the pH is adjusted to pH 2.5 with 10% TFA. Then 30 mg/ml of Sepralyte C-1 (preparative 
grade, 40 ^m, Analyb'chem International, Harbor City, CA, USA), pretreated sequentially with 0.1% TFA in 
acetonitrile and 0.1% TFA in water, is added and the mixture is gently stirred for 30 min at room temperatur . 
The gel is filtered over a glass frit covered with fresh prewashed Sepralyte C-1 (20% the amount added to th 
refolding solution). The gel is washed first with (5 times the gel volume) buffer A (0.2 M NaCI/0.1%TFA/water), 
then with a mixture of 80% buffer A and 20% buffer B (0.08% TFA in acetonitrile). TGF-P2 is eluted with a mixture 
of 70% buffer A and 30% buffer B. The eluate is applied directly onto a Mono S column HR 5/5 (Pharmacia). 
Purification and isolation of TGF-p2 is performed as in examples 4.H and 4.I, respectively. 

Alternatively, acetonitrile in buffer A and buffer B, respectively, used for washing the Sepralyte C-1 gel and 
elution of TGF-P2 is replaced by isopropanol. Washing is then performed with a mixture of 90% buffer A and 
10% buffer B and elution of TGF-P2 is achieved with a stepwise gradient (steps of 2% buffer B) starting with a 
mixture of 80% buffer A and 20% buffer B and ending with a mixture of 70% buffer A and 30% buffer B. Further 
procedure is as in examples 4.H and 4.1, respectively. 

K. Alternative method II for the generation of dimeric, biologically active TGF-P2 

Monomeric TGF-P2 from example 4.B is dissolved at a concentration of 0.5 mg/ml in 100 mM Tris/HCl, pH 
8.5, 1M NaCI, 5 mM EDTA, 1 mM reduced glutathione, 1 mM oxidised glutathione and 50 mM Chaps (Cal- 
biochem). After 450 hours at 4°C the mixture is adjusted to pH 4.0 with acetic acid, diluted by addition f 7 
volumes of 20 mM sodium acetate, pH 4.0 and pumped onto a Mono S column HR 5/5 (Pharmacia). Further 
procedure as in example 4.H and 4.1, respectively. 

L Alternative method 111 for the generation of dimeric, biologically active TGF-P2 using thioredoxin as a 
disulfide promoting agent 

Monomeric TGF-p2 from example 4.B is dissolved at a concentration of 0.025 mg/ml in 100 mM Tris/HCl, 
pH 8.0, 50 mM Chaps, 0.05 mg/ml thioredoxin. The mixture is incubated at 4°C for 24 hours. As determin d 
by the cell migration and growth assay (example 5.A) the yield of refolded dimeric active TGF-p2 is similar to 
that of the method described in example 4.G. Purification and isolation of dimeric TGF-p2 is as in examples 
4.H and 4.I. TGF-P2 is separated from thioredoxin by the Mono S column of example 4.H. 

M. Preparation of S-sulfonated TGF-02 and its use for the generation of dimeric, biologically active TGF-P2 

Monomeric TGF-P2 from example 4.B is dissolved at room temperature in 6M urea, 100 mM Tris/HCl, pH 
8.0, 50 mM sodium sulfite and 0.2 mM cysteine. Formation of S-sulfonated TGF-P2 is monit r d by RP-HPLC 
using the conditions of example 4.D. The r tention time of S-sulfonated TGF-P2 is 31.8 min. After completion 
of th reaction, the pH of the solution is adjusted to pH 2.0 with 1 N HCI. S-sulf nated TGF-P2 is desalted on 
a FPLC 'Fast Desalting Column" HR10/10 (Pharmacia) in 10 mM HCI. Refolding of S-sulfonated TGF-p2 to 
give dimeric active TGF-p2 is done essentially according to the procedure of example 4.G. 

N. Recydisation of incorrectly folded TGF-P2 
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Solid guanidinium hydrochloride and DTT is added to the material not bound to the Mono S column of 
xample 4.H to give a concentration of 6 M and 5 mM, respectively, and the pH is adjusted to pH 8.5 with solid 
Tns. After 1 hour at room temp rature the mixtur issubj ct d to RP-HPLC using the same column and solvent 
system as in exampl 4.D. Reduced monomeric TGF-p2 is coll cted, and acetonitril is removed in the vacuum 
This preparation is then subjected to the refolding procedure of example 4.G either directly or together with 
newly isolated monomeric TGF-p2 from example 4.B or4.C. thus improving the total yield of refolded active 
dimeric TGF-P2. 

°- Generation of heterodimeric, biologically active TGF-P 

Heterodimeric TGF-ps consisting of two different disulfide-linked polypeptide chains of 112 amino acids 
each can be prepared by subjecting equimolar amounts of the two respective monomers to refolding conditions 
as descnbed in example 4.G. Purification and isolation of the dimers is performed according to examples 4 H 
and 4.I allowing the separation of the heterodimeric form from the homodimers. 

P. Peptide mapping and se quence determination of monomeric TGF-B1. TGF- p2 and TGF-B3, respectively 
TGF-P2 : 

92 ug (6.7 nmoles) S-pyridylethylated recombinant TGF-p2 described in example 4.F. are dried in an vac- 
cum centrifuge and redissolved in 200 jd 5 mM HCI. 200 ui 0.2 M Tris-acetate buffer, pH 7.8, containing 
10 mM Zwrttergent 3-12 detergent (Calbiochem Corporation, La Jolla, CA) is added and mixed with the 
proteir i solution. The deavage is carried out with 2 ug (dissolved in 50 ul water) endoproteinase Asp-N 
(from Pseudomonas fragi mutant, Sequence Guide, Boehringer Mannheim Biochemica, FRG) at 37'C 
After 13 hours, 50 uJ 1 0% (vAv) TFA are added and the mixture is separated by RP-HPLC on a C4 narrow- 
bore column (Vydac 214TP52. 2.1 x 250 mm) with a linear gradient of 5 to 40% (v/v) acetonitrile in 0.1% 
TFAAvater in 35 min at a flow rate of 0.1 ml/min and UV detection at 216 nm. The collected peaks are anal- 
ysed by plasma desorption mass spectroscopy as described in example 4.S. 

iu*I? TT^" f ** measured Secular mass (in Daltons, D) of the peptides in their protonated form 
' ) wrth me calculated molecular mass allows the following identification : 



Retention 




Calculated 


Peptide Sequence 


Time (min) 


(D) 


MassM(D) 




16.1 


566.1 


564.6 


DFKR 


23.9 


1832.3 


1831.1 


NTINPEASASPCCVSQ 


25.9 


1292.5 


1291.5 


DAAYGFRNVQ 


29.0 


1307.7 


1306.6 


DNCCLRPLY 


31.2 


1320.0 


1318.5 


DTQHSRVLSLY 


32.1 


1421.1 


1419.7 


DNCCLRPLYI 


33.0 


3132.3 


3131.5 


DTQHSRVI^LYNTINPEASASPCCVSQ 


36.9 


3425.3 


3424.9 


DLGWKWTHEPKGYNANFCAGACPYL 








WSS 


44.5 


3739.5 


3739.5 


DLEPLTTLYYIGKTPKIEQLSNMIYKSC 



KCS 



TGF-p1 : 

32 jig (2.5 nmoles) S-pyridylethylat d recombinant TGF-pi (prepared similarly as S-pyridylethylated 
recombinant TGF-p2) are cl aved with 1.5 ug endoproteinase Lys-C using th same procedure as forthe 
digest! n of TGF-p2 except that th incubation time is 9h and a linear gradient of 12 to 27% acetonitrile in 
90 mm is used on a C18 column (Vydac 218TP5205, 2.1 x 50 mm). 
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Retention M+H + Calculated Peptide Sequence 
Time(min) (D) Mass M (D) 

9.4 810.6 808.9 WIHEPK 

13.2 619.2 617.7 DLGWK 

20.4 1584.6 1583.7 ALDTNYCFS STEK 

34.9 1613.3 1611.9 VEQLSNMTVRSCK 

50.6 1869.8 1868.3 NCCVRQLYIDFRK 

79.8 2875.2 2874.3 GYHANFCLGPCPYIWSLDTQYSK 

87.1 4189.1 4189.0 VLALYNQHNPGAS AAPCCVPQALEPL 

PIVYYVGRKPK 

89.8 3965.0 3963.7 VLALYNQHNPGAS AAPCCVPQALEPL 

PIVYYVGRK 

TGF-B3 : 

20 ng (1.46 nmoles) S-pyridylethylated recombinant TGF-B3 (prepared similarly as S-pyridylethoxylated 
recombinant TGF-B2) are digested with 0.4 ug endoproteinase Asp-N as described for TGF-B2 except that 
the incubation time is 22.5 hours and the separation is carried out on a C18 column (Vydac 218TP5205, 
2.1 x 50 mm) with a linear gradient of 16 to 32% acetonitrile in 80 min. 

Retention . M+H* Calculated Peptide Sequence 
Time (min) (D) Mass M (D) 

7.0 1308.0 1306.6 ENCCVRPLY 

8.8 1381.0 1379.5 DTNYCFRNLE 

11.6 1205.5 1206.3 DTTHSTVLGLY 

1252.4 1250.4 DTNYCFRNL 

19.4 1421.5 1421.5 DTTHSTVLGLYNT 
1551.2 1551.9 DLEPLTILYYVGR 

36.5 3030.4 3029.4 DTTHSTVLGLYNTLNPEASASPC 

CVPQ 

39.8 2782.6 2781.2 DTNYCFRNLEENCCVRPLYI 

45.6 3457.3 3456.0 DLGWKWVHEPKGYYANFCSGPCPYL 

RSA 

77.9 3726.5 3725.5 DLEPLTILY YVGRTPKVEQLS NMV 

VKSCKCS 

82.6 6736.9 6736.9 DTTHSTVLGLYNTLNPEASASPCC 

VPQDLEPLTILYYVGRTPKVEQL 
SNMWKSCKCS 

Q. Structural characterisation of monomelic TGF-B2 expressed in Saccharamyces cerevisia 

An aliquot of the material from example 4.C is further purified by RP-HPLC as described in example 4.D 
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10 



and the N-terminal amino acid sequence is determin d as d scribed in example 4 F 
The amino acid sequ nee is : 



5 10 15 

Ala-Leu-Asp-Ala-Ala-Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X- 

20 25 



X-Leu-Arg-Pro-Leu-Tyr-Ile-Asp-Phe-Lys-Arg-Asp-Leu-Gly 
15 wherein X denotes an amino acid not positively identified. 

R. Refolding of monomeric T GF-P2 expressed in Saccharamvces camwt*- isolation and 
charactensabon of dirneric TGF-02 " tf " u 



20 W<S^^ TTS SaCCharom ^ cerevfei - ^d nation of dirneric 

iogicai.y active TGF-P2 .s performed as desenbed in example 4.G. 4.H and 4.1 respectively. 

S. Molecular mass of dirneric TGF-B2 

" feS n ^ fe diSS ° ,Ved in 25% aCCtk: acW - adsorbed °" "itrocenulose Zdm^ZTSo 
~£%Z a re SOrPt '° n M3SS SP6Ctrome,er (APP " ed "*»«« ^ £ 
M = 12'738.0 for monomeric TGF-02 (calculated Mass M = 12719 7) 
30 M = 25-422.0 for dirneric TGF- P 2 (calculated Mass M = 25'421.2 assuming all cysteins as disulfides) 

T. Molecular mass of dirneric TGF-B3 
35 4 H 2dTf S?2? y .' e8W TG r? 3 ' S Simi ' ariy t0 TGF -P 2 described "<amp.es 4A 4.B. 4 G 

M = 25'434.0 (calculated Mass M = 25'427.2 assuming all cysteins as disulfides) 
Exampje 5 : In vitro activity test for TGF-B 1. TGF-32 and TGF-B3 

40 ' " ~ — 

A. Cell migration and growth assay 

j Ex^mT^ ™f °!l c ; emotactic activit y of TGF *P on fibroblasts (Posdethwaite, A.E. et al. (1987) 
J. Exp. Med 165, 251) and is performed as described by Burk.R. (1973) PNAS 70, 369 

oufeTrf Stnl ? wh,ch m,grate over a culture period of 22 hours into a wounded monolayer 

" can^rST* P f " >motin 9 activi, y of TGF -P 1 . TGF-P2 and TGF-B3 is determined by the stimulatory effect on 
SI m SyntheS l and <*" ™ s a <*vity * ^Parent in said monolayer cultures oSe I under 

the I ght microscope after a culture period of 44 hours and is quantified by either 

Woounbng the number of cell nucl i. in any given field of view, in cultures of said cells grown in serum-free 
medium containing TGF-P1. TGF-p 2 or TGF- P 3. respectively, as compared to the nSZS^S 
s counted, in any g,ven field of view, in cultures grown in the absence of TGF-B or 

(b)m asuringtheamountofradio-lab II d3 H -thymidin uptake in cultures ofsaid cells grown in serum fre* 

upt^Ss 9 JGF ->\l GF ? °' ™* - '-Pared to the .n^S^SE 

uptake in cultures grown in the absence of TGF-p. "lymraine 
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In thas dos response xp riments concentrations of the completely purified TGF-f$1 , TGF-B2 and TGF- 

S^JSZZZ 4,K) ? T"" ° f ^ 10 1000 W P6r mi " iliter ° f m di " m ^cienTto 
elicit 50% of the maximal migration and growth pr moting response. 

B. Cell growth inhibition assay 

,1 . 3) n flat bottomed 96-well Issue culture plates (Falcon) containing RPMI-1640 medium (Gibco) and 5% 
foetal catf serum Control wells receive medium alone. 1.5 x 1 CH A375 melanoma ce.ls are added to eac^ 
After a 72 hours .ncubation period at 37'C in 5% C0 2 , the A375 cell monolayers are washed once fixed and 
stemed with c^stalvioletfor 15 minutes. Unbound stain is washed out intensively. The stained celte arefysed 
with 33% aceuc acd to release the stain (which is confined to the cell nuclei) and the OD vvas rneasurS a t 
590 n m wth a multiskan-S Channel Photometer equipped wfth an Olivetti M 24 PC to callu.aTe the a S o 
£er?iTr U : i e , intenSity ° f Stainin9 in each we " is related to *• number o liSJZ 

™ 0 7t^^^^ 

freo^Aa^ 

Example 6 : in vivo activity tests for refolded TGF-B1. TGF-P2 and TGF-B3 
A. Healing of Partial-Thickness Wounds in Old Mice 

a J'n ""^"'f^ ^ *ound healing processes become impaired with advancing age (Grove G L (1982) 
ArchDerrrato^ 

* T,Z^ J 0109 "^ effeC,S ° f *• ref0lded aCtive dimeric TGF ^ °" the healing of SEES*™! 
sZoV HH* T" d 'T* bUmin9) inV6Sti9ated in 3 **** ™«*nt °' irtrS^JSS 

SSft S2T» usinfl f0 " owin9 protoco1 siml,ar 10 * e one d - afl " d * Schul * GS j 

Single midderma | thermal injuries are made on the dorsal thorax of anaesthetized old C57/BL6 mice faoed 
450 days or more) whose backs have been previously shaved and depilitated with a commerdal crSrSS 

at 80 c in a water bath. The resulting blister is surgically removed and the bums are treated daiiv for «> 
w,m a topical application of 25 mJ stenle vehide buffer 

^ h 140 mM NaC * PH 7-4) containing various amounts (500 ^00 ng oMo'g) 

of the refolded a<*ve dirnenc TGF-p form, or with buffer solution alone, or are left untreated. All topiJ. y appid 

Z ZZZTeIT**^ Pyr0gen - free> 3nd a " miCe are ind - dual, y *» t e dJSS S 
trie expenment Each expenmental group consists of 5 animals 

rerno^lm^ltf^H T?** "V*" ^ anaestheti2ed ' the bliste * P«*en«) are suigicaLy 
^^^1^^ Tl T ^ phot< * ra P hed - ^ of b "™ have regenerated epithelium 
are outlined onto uniform th IC kness transparent overhead projector film and the percentage of each orioinal 
bum area that has healed is calculated by P .animetry. Resu.ts are also compared with Z epfthS reZ r 
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Group Animals TGF-p2 dose per %age of original bum 
incision (ng) area healed on day 6 



1 


Old 


500 


59±8 


2 


Old 


100 


55±6 


3 


Old 


10 


46 + 7 


4 


Old 


Buffer Only 


10±9 


5 


Old 


Untreated 


16±6 


6 


Young 


Untreated 


66±9 



The results of the planimetrical analyses shown in the above table demonstrate that topical application of 
refolded active dimeric TGF-J32 daily for 5 days in a suitable vehicle buffer stimulates and accelerates epithelial 
regeneration in partial-thickness wounds on old mice in a dose dependant fashion (Groups 1-3) when compared 
with vehicle buffer only or untreated wounds (Groups 4 & 5 respectively). Young mice are apparently competent 
enough to successfully re-epithelialize their wounds in the absence of any top realty applied TGF-p (Group 6). 
Histological analyses reveal the extent of the enhanced re-epithelialization process together with a hyper- 
keratosis of the regenerated epidermis on Day 6 in the TGF-0-treated wounds. 

B. Healing of Full-Thickness Wounds in Adult Rats 

The biological effects of refolded active dimeric TGF-fte are also investigated in a second in vivo model of 
wound repair, namely on the healing of full-thickness wounds (formed by surgical incisioning) in adult rats, using 
the following protocol similar to the one described by Mustoe, T.A. et al. (1987) Science 237 : 1333. 

Single, full-thickness 5 cm long linear incisions are made with surgical scissors 1.5 cm on both sides of 
the dorsal midline of pentobarbitone anaesthetized male Wistar rats (300-350 g) whose backs have been pre- 
viously shaved and depflitated with a commercial cream-type hair remover, in the experimental groups, edges 
of the left side incisions (as viewed with the dorsal side uppermost) receive single topical applications (100 jjJ) 
of a sterile vehicle buffer (consisting of 0.8% v.7v Hydroxypropyl cellulose in a solution of 10 mM Histidine, 140 
mM NaCl. pH 7.4) containing various amounts (2 pg, 1 fig, 0.1 ^ig or 0.01 \ig) of a refolded active dimeric TGF-p 
form. Edges of the contralateral right side incisions receive corresponding equal amounts of a placebo control 
(Bovine Serum Albumin) in the said vehicle buffer and edges of incisions in control animals receive vehicle buf- 
fer alone in the left side incisions and no treatment in the right side incisions following surgical incisioning. Alt 
topically applied materials are sterile, endotox in-free, and pyrogen-free. Edges of each wound are then coapt d 
with 5 evenly placed, interrupted horizontal mattress sutures of 5-0 Ethilon. All animals are caged separately 
and the wounds are left to heal for varying periods up to and including 21 days post treatment After sacrifice 
the entire dorsal skin is removed from each animal and all subcutaneous fat is carefully dissected from th 
underside of each of the skins using a surgical scalpel. A template consisting of two parallel surgical blades (8 
mm distance between blades) is then used to excise strips of skin (between sutures on each incision) for tensile 
strength measurements. Samples are taken from one end of each incision for histological analysis. The 
maximum load tolerated by each excised skin sample is measured with a Universal Tensile Strength Machine 
Model 1 44501 (Zwick, Ulm, FRG). Measurements are made on 30 mm x 8 mm strips which are secured between 
hydraulic damps and then stretched to breaking point at a rate 1 0 mm per minute, with the maximum load recor- 
ded on a chart recorder. Measurements are made on triplicate samples from each wound and experimental 
groups consisted of 4 animals. Breaking strength is not measured on wounds showing evidence of infection 
or excessive haemorrhaging (less than 3% of all wounds). 

An example of such an experiment using refolded dimeric active TGF-JJ2 is shown in the following table 
where values shown repres nt th average ratios of tensile strength between TGF-02-treated wounds and pla- 
cebo-tr at d wounds at 3 equally spaced timepoints ov r a 21 day day tim period. 
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Group TFG-[J2 dose per Ratio of Tensile Strength 
incision (jig) TGF-p: Placebo Treatment at 



10 







Day 7 


Dav 14 


Dav 21 


1 


2.00 


1.9 : 1 


1.7 : 1 


1.4: 1 


2 


1.00 


1.8: 1 


1.4 : 1 


1.3 : 1 


3 


0.10 


1.4: 1 


1.3:1 


1.2: 1 


4 


0.01 


1.2: 1 


1.1 : 1 


1.0: 1 


5 


None* 


1.0: 1 


1.0: 1 


1.0: 1 



30 



35 



40 



45 



50 



55 



(* ratio of vehicle buffer only v no treatment) 
C. Wound Chamber Implant Model in Adult Rats 

ton 0 SSHS d po, y ,et ^ fluoroeth y ,en « (internal and external diameters. 10 and 12 mm respectively • 

iaSJSS. mentSaren ° tmad 0" chambers showing evidence of inf ction or rejection^ £a n3 £ 
An example of such an experiment using refolded dimeric active TGF-B2 is shown in «, • 
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chambers (left v right) from each group of animals. 



10 



15 



20 



25 



30 



35 



Group 

1 
2 
3 
4 



TGF-p2 dose per Ratio of protein in matched * 
left chamber Qig) chambers (left : right) 



1.00 
0.10 
0.01 
None* 



Fibrous Tissue Serous Protein 
3.0 : 1 1.5 : 1 

25 : 1 1.4 : 1 

2.1 : 1 1.3 : 1 

1.0 : 1 1.0 : 1 



40 



* ratio of vehicle buffer only v no treatment 

The results of the protein measurements shown in the above table demonstrate that local injection of refol- 
ded active dimeric TGF-02 daily for 5 days in a suitable vehicle buffer enhances, up to 3 fold, the accumulation 
of total fibrous tissue, in a dose-dependant manner, in left-sided chambers as compared to the right-sided con- 
tralateral chambers which have received corresponding equal amounts of a placebo protein. A small dose- 
dependent increase in the amount of serous protein in left-sided chambers is also observed following multiple 
injection with TGF-02 (Groups 1-3). No differences are apparent between left-sided and right-sided Chambers 
in the Control group (Group 5). 

On post-mortem biopsy of animals in Groups 1-3 it is consitently observed that the left-sided TGF-^-treated 
chambers are more firmly attached to the surrounding connective tissue of the body wall than the contralateral 
right-sided chambers that have received placebo injections. Furthermore, histological analyses show that the 
thickness and vascularity of the fibrous tissue surrounding the TGF-fMreated chambers is markedly greater 
than that of the tissue surrounding the placebo-treated chambers. Sheets of migrating fibroblasts and mono- 
nuclear cells are also evident within the fibrous tissue inside TGF-^-treated chambers. No apparent differences 
are observed in either the thickness or vascularity of the fibrous tissue surrounding the chambers, nor in the 
degree of attachment of chambers to the connective tissue of the body wall in the control group (Group 4). Th se 
results suggest that the diffusion of TGF-p from the chamber is responsible for the observed differenc s in 
effect A sterile infiltrate of inflammatory cells, consisting predominantly of macrophages, is found in the serous 
fluid of TGF-p- treated chambers, whereas contralateral placebo-treated chamber fluid shows a predominance 
of polymorphonuclear leukocytes. The contents of all 40 chambers in Groups 1-4 shown in the Example are 
found to be sterile after incubating samples of the chamber contents on brain/heart infusion for 72 hr at 37°C. 



45 



50 



55 
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Example 7: Pharmaceutical composition 
A. Cream 

Ingredients: % (v/v) 

Sorbitan monostcaratc 2 . 0 

Polyoxyethylene sorbitan monostearate 3 . o 

10 Cetyl alcohol 5 # q 

Light liquid paraffin 8 m q 

Isopropyl myristate 2 . 0 

15 

Active substance, TGF-3-like protein i . 0-1C" 5 

Propylene glycol 2 . 0 

Glycerin 2 
20 Deionised water 7g 
Preservatives and other stabilizers 



25 



30 



35 



40 



45 



SO 



.0 
.0 
q.s. 



Heat the aqueous phase to 55-60°C, dissolve the active substance in it, and disperse the melted lipid phase 
in it by vigorous stirring. Cool to toom temperature and homogenize. 

In a simflar manner a cream comprising 0.01 to 20 jig/ml, respectively, can be produced. 
Of this cream 100 uJ/cm 2 of wound is applied. 

B. Ointment 

Ingredients; % {v/v) 

Sorbitan trioleate ^ 5 q 

Wax, miciocrystalline 3 ^ q 

Light liquid paraffin 9 # 0 

Isopropyl myristaie 10.0 

Lanolin alcohols 3 q 

Active substance, TGF-p-like protein i m o-i o" 5 

Propylene glycol 2 . 0 

Glycerin 2 . 0 

Magnesium sulphate, hydrous 0.7 

Deionised water 65 . 3 

Preservatives q.. s . 

Dissolve the active substance in the aqueous phase, with gentle heating, and disperse the solution in the 
melted lipid phase. Cool to room temperature and homog niz . 

In a similar manner an ointment comprising 0.01 to 20 ug/ml, resp ctively, can b produced. Of this oint- 
ment 100 iil/cm 2 of wound is applied. 
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C. Parenteral Solution 
Ingredients: 

Active Substance, TGF-(3-like protein 
± Human Serum Albumin 
Arginine or Glycine 
± Carbohydrate 
PH 



0*05 mg/ml 
1 mg/ml 
20 mg/ml 
5-20 mg/ml 
7 



The carbohydrate is glucose, mannose, dextran, hydroxyethyl starch or a mixture thereof 
The pH is adjusted with phosphate, succinate, amino acids or a mixture thereof. 
Vials with 0.05 mg TGF-p-like protein/0.5 ml are made and lyophilised. 

Deposition of microorganisms 

uJ^^Z? ™ r 9 anisms were de P°sited at the Deutsche Sammlung von Mikroorganismen (DSM) 
Mascheroder Weg 1 b f D-3300 Braunschweig (FRG) : h 



rnicroorganismus 
E. coIi LC 137/pPLMu.hTGF-pi 
E- coK LC 137/pPLMu±TGF-p2 
E. coli LC 137/pPLMu.hTGF-p3 
Sacchaiomyces cerevisiae GRF 18 



deposition date 
November 28,1989 
November 28,1989 
November 28,1989 
March 4, 1986 



accession number 
DSM 5656 
DSM 5657 
DSM 5658 
DSM 3665 



SEQ ID No. 1 

Sequence Type : Nucleotide with corresponding polypeptide 
Sequence Length : 339 base pairs 
Strandedness : double 
Topology : linear 
Source : human cDNA 

Immediate experimental source : E. coli LC 137/pPLMu.hTGF-pi (DSM 5656) 
Features : from 1 to 336 coding region for TGF-01 
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10 



20 



25 



35 



GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 39 
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys 

5 10 ' 

AAC TGC TGC GTG CGG CAG CTG TAC ATT GAC TTC CGC AAG 7 8 

Asn Cys Cys Val Arg Gin Leu Tyr He Asp Phe Arg Lys 
15 20 25 

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117 
Asp Leu Gly Trp Lys Trp He His Glu Pro Lys Gly Tyr 
30 35 



CAT GCC AAC TTC TGC CTC GGG CCC TGC CCC TAC ATT TGG 156 

His Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr He Trp 
15 40 45 50 

AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195 

Ser Leu Asp Thr Gin Tyr Ser Lys Val Leu Ala Leu Tyr 

55 60 65 



AAC CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC 234 
Asn Gin His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys 
70 75 

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273 
Val Pro Gin Ala Leu Glu Pro Leu Pro He Val Tyr Tyr 
80 85 90 



GTG GGC CGC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG 312 
30 Val Gly Arg Lys Pro Lys Val Glu Gin Leu Ser Asn Met 

95 100 



ATC GTG CGC TCC TGC AAG TGC AGC TGA 339 
He Val Arg Ser Cys Lys Cys Ser 
105 110 



SEQ ID No. 2 

40 Sequence Type : Nucleotide with corresponding polypeptide 

Sequence Length : 339 base pairs 

Strandedness : double 

Topology : linear 

Source : human cDNA 
45 Immediate experimental source : E. coli LC 137/pPLMu.hTGF-02 (DSN! 5657) 

Features : from 1 to 336 coding region forTGF-p2 



so 



55 
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GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 
Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gin Asp 

5 10 

AAT TGC TGC CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG 
Asn Cys Cys Leu Arg Pro Leu Tyr lie Asp Phe Lys Arg 
15 20 25 



GAT CTA GGG TGG AAA TGG ATA CAC GAA CCC AAA GGG TAC 
Asp Leu Gly Trp Lys Trp lie His Glu Pro Lys Gly Tyr 
30 35 

AAT GCC AAC TTC TGT GCT GGA GCA TGC CCG TAT TTA TGG 
Asn Ala Asn Phe Cys Ala Gly Ala Cys Pro Tyr Leu Trp 
40 45 50 



AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT 
Ser Ser Asp Thr Gin His Ser Arg Val Leu Ser Leu Tyr 
55 60 65 



AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT TGC TGC 
Asn Thr lie Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 

GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 
Val Ser Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 



ATT GGC AAA ACA CCC AAG ATT GAA CAG CTT TCT AAT ATG 
lie Gly Lys Thr Pro Lys lie Glu Gin Leu Ser Asn Met 
95 100 



ATT GTA AAG TCT TGC AAA TGC AGC TAA 
lie Val Lys Ser Cys Lys Cys Ser 

105 no 

SEQ ID No. 3 

Sequence Type : Nucleotide with corresponding polypeptide 
Sequence Length : 339 base pairs 
Strandedness : double 
Topology : linear 
Source : human cDNA 

Immediate experimental source : E. coli LC 137/pPLMu.hTGF-p3 (DSM 5658) 
Features : from 1 to 336 coding region for TGF-P3 
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GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 
Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu 

5 10 



39 



AAC TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG 
Asn Cys Cys Val Arg Pro Leu Tyr lie Asp Phe Arg Gin 
15 20 25 



78 



GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC 
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr 
30 35 



117 



TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC 
Tyr Ala Asn Phe Cys Ser Gly Pro Cys Pro Tyr Leu Arg 
40 45 50 



156 



AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC 
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr 
55 60 65 



195 



AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC 
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 



234 



GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT 
Val Pro Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 



273 



GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG 
Val Gly Arg Thr Pro Lys Val Glu Gin Leu Ser Asn Met 
95 100 



312 



GTG GTG AAG TCT TGT AAA TGT AGC TGA 
Val Val Lys Ser Cys Lys Cys Ser 
105 110 



339 



Claims 

1. Process for the production of a dimeric, biologically active Transforming Growth Factor type p (TFG-p)-like 
protein or a salt thereof, comprising subjecting the denatured monomeric form of said TGF-p-Iike protein 
to refolding conditions. 

2. Process according to claim 1 in which the refolding conditions include a solubilizing agent 

3. Process according to claim 2 in which the solubilizing agent is selected from the group consisting of a mild 
detergent, an organic, water-miscible solvent or a phospholipid, r a mixture of two or more such agents. 

4. Process according to claim 1 in which th mon meric form f said TGF-p-lik pr tein is produced by th 
steps of : 

(a) culturing a microbial host comprising a nud otide sequence ncoding the TGF-p-Iike protein linked 
in the proper reading frame to an expression control sequence such that said protein is expressed, 
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(b) recovering th TGF-p-like protein in a denatured, monomeric, soluble form. 

5 ' ^r 0 " 1 ? ?K daim 4 Wherei0 m ° n0men ' C TGF W P rotein fe P^ent as an insoluble aggre- 

gate n the rn.crob.al host cells and wherein th process further comprises the steps of • 9 

(aj.solat.ng the water-insoluble protein fraction containing the TGF-fWike protein from the host cells 
(b) solubilizing the TGF-p-like protein. 
^ 6. Process according to claim 4 in which the microbial host is a yeast or a bacterium. 

f5 8 ' Tn^l*!^" 9 t0 ,? aim 5 in ^ the inS0 ' Ub,e a " re 9 ate is solubili2ed * a pH of about 1 to about 4 
is and .n wh.ch the resulting monomer of the TGF-p-like protein is purified by chromatography. 

9 ' a P bluT S 2 S 5 aCCOrdin9 10 da ' m 8 in Whi ° h ^ inS ° ,Ub,e f ° m ° f * e TGF ^ ite P rotei " « **Mize6 at a pH of 
20 10. Process according to claim 5 in which the insoluble aggregate is solubilized with a chaotropic agent 

11. Process according to claim 10 in which urea or guanidine-HCI is used as chaotrop. 
^ 12. Process according to claim 11 in which the chaotrop has a concentration of about 4 to about 9 M. 
13. Process according to claim 10 in which a detergent is used as chaotrop. 

so 6 to about 10 and a temperature of about 0»C to about 37»C. P ' 

15. Process according to claim 14 in which the sufhydryl/disulfide redox system is selected from th* „™ „ 
s«bng of glutathione in its oxidfced and reducedform. dKhiothreto?^^^ 

35 ZSSS? redUCed ^ a " d its ^C^cSSitJt 

sjs:^rsrri'^i b 100 mM - - ^ ratio ° f »™ - - 

16 ' a< ?/ di " 9 10 daim 14 WhiCh the ^'^y^/disulfide redox system is glutathione in its oxidized 

45 UrTh S f^'" 9 t0 C ' aim 1 7 the ,0W molecu,ar wei 9 ht sulfhyd^l/disulfide redox system is reo- 
laced by thioredoxm at a concentration of about 50 to 200 ng/ml. ^ 

19. Process according to claim 3 in which the solubilizing agent is a mild detergent 
* 20 - P ^^dingtodaim19inwhichthemi.ddetergentisanon-ionic,an^^ 

21 E^f f ° CO r Jin9 40 daim 19 in which »•» ^tergent is selected from the group consisting of sulfobetaine, 
hydroxy-1-p rop anesu.fon^ 

^ ™! T"?" 9 to daim 19 in Which 0,6 det * nt is 3 ^"'<"amidopropylHim e thylammonic-l 
propanesulfonate at a concentration of about 30 mM to 60 mM. P^™emyiammon.o-1- 
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23. Process according to claim 3 in which th solubilizing agent is an organic, water-miscible solvent 

24. Process according to daim 23 in which the organic, water-miscible solvent is acetonitrile a lower alkanol 
or a lower alkandiol, at a concentration of about 10 to 50% per volume. ceionme ' lower alkano >' 

i 

25. Process according to claim 3 in which the solubilizing agent is a phospholipid. 

range o^ Phosphatidylserine and phosphatidylinositole at a concentration 

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is about 4°C. 
^e^rb^ 

29. Process according to claim 28 in which the metal tons are Cu*> or Fe 3+ . 

30. Process according to claim 14 in which additionally 0 2 is bubbled through the buffer system. 

31 ' l^^T 1 " 9 ? daim U in WhiCh redox system is glutathione in its oxidiz d 

and reduced form at a concentration of about 1 to 10mM, wherein the molar ratio of the oxidized and the 
reduced form,s1 :1to1 :2,and in which the solubilizing agent is 

1-propanesulfonate at a concentration of about 30 mM to 60 mM. py>>u'me t nyiammon.o- 

32. Process according to claim 1 in which the dimeric protein obtained is purified by chromatography. 

33. Dimeric. biologically active TGF-B-like protein whenever produced by the process of claim 1. 

34. A monomeric, S-sulfonated TGF-B-like protein. 

35 ' TCF-pMike ^SST^ ^ Me(S pf0tein for P roduct »" *« bio.ogica.ly active 

36. A pharmaceutical composition comprising an effective amount of a dimeric. biologically active TGF-B-like 
protein produced by the process of claim 1. ^^"y acuve i t.r- p-iiKe 

3? " ISZ^JSr* 5, ^l 09 '^ active TGF ^ e m suitable amounts and in a suitably acceptab.e 
phamaceubca. formulabon. sa.d protein produced by the process of claim 1. for the production of a phar 
maceutcal preparabon for the treatment of wounds and in bone and tissue repair or as a bone ma™ Z 

omduLS " "^T ° f rardi * protectio " or for *atment of cancer in a mamma^r Z7e 
producbon of an antHnflammatory or immunosuppressive preparation. 

Claims for the following Contracting States : ES, GR 

1 * 21?!?? ° f 3 bi0l09iCa " y 3Ctive Transfo ™"9 Growth Factortype B (TFG-B)-lik 

ZSSmZm: ' C ° mPnS,ng SUbjeCting denatUred monomericfo - * — TGF^Iike pmtein 

2. Process according to claim 1 in which the refolding conditions include a solubilizing agent 

3. Process according to daim 2 in which the solubilizing ag nt is selected from the group consisting of a mild 
deterg nt. an organs water-misdb. sdv ntora phosphCipid, ora mixture of L or nj such agent 

4 " Tte^S : aCCOrdi " 9 to d3im 1 WhiCH ^ m ° n0meric form <* said TGF -P-'ike protein is produced by the 
(a) culturing a microbial host comprising a nudeotide s quence encoding the TGF-B-like protein linked 
.n the proper read,ng frame to an expression control s quence such that said protein is e^res^ed 
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(b) recovering the TGF-p-like prot in in a d natur d, monom ric, solubl form. 

5. Process according to claim 4 wherein the monomeric TGF-p-like protein is present as an insoluble aggre- 
gate in the microbial host cells and wherein the process further comprises the steps of : 
* (a) isolating the water-insoluble protein fraction containing the TGF-p-like protein from the host cells 

and 

(b) solubilizing the TGF-p^ike protein. 
^ 6. Process according to claim 4 in which the microbial host is a yeast or a bacterium. 

7. Process according to daim 4 in which the nucleotide sequence encodes a protein selected from the group 
consisting of human TGF-01 , TGF-02 and TGF-03. 

8. Process according to claim 5 in which the insoluble aggregate is solubilized at a pH of about 1 to about 4 
and m which the resulting monomer of the TGF-p-iike protein is purified by chromatography. 

9 " P ^^ R accordln 9 to claim 8 in which the insoluble form of the TGF-0-!ike protein is solubilized at a pH of 
aoout ^.o. 

10. Process according to claim 5 in which the insoluble aggregate is solubilized with a chaotropic agent 

11. Process according to claim 10 in which urea orguanidine-«CI is used as chaotrop. 

42. Process according to claim 1 1 in which the chaotrop has a concentration of about 4 to about 9 M. 

13. Process according to claim 10 in which a detergent is used as chaotrop. 

14. Process according to claim 2 in which the monomer is subjected to refolding condition comprising a low 
molecular we.ght sulfhydryl/disulfide redox system in the presence of a solubilizing agent at a P H of about 
6 to about 10 and a temperature of about 0°C to about 37"C. 

15. Process according to claim 14 in which the sulfhydryl/disulfide redox system is selected from the group 
cons.st.ng of glutathione in its oxidized and reduced form, dithiothreitol in its oxidized and reduced form 
pMnercaptoethanol in its oxidized and reduced form, cystine and its reduced form, and cystamine and its' 
reduced form at a concentration of about 1 to 100 mM, wherein the molar ratio of the oxidized and the 
reduced form is between 100 : 1 and 1 : 100. 

16. Process according to claim 14 in which the sul my dryl/disulf.de redox system is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced form is between 6 : 1 and 1 : 6. 

17 ' . Pr0C .f! S l 000 ^" 9 to daim 14 in which tne I"* molecular weight sulfhydryl/disulfide redox system is rep- 
laced by tnioredoxin or disulfideisomerase at a concentration of about 10 to 1000 ug/ml. 

18. Process according to claim 17 in which the low molecular weight sulfhydryl/disulfide redox system is rep- 
laced by thioredoxin at a concentration of about 50 to 200 |ig/ml. 

19. Process according to claim 3 in which the solubilizing agent is a mild detergent 

20. Process according to claim 19 in which the mild detergent is a non-ionic, an ionic orazwitterionic detergent 

21 ' f CC0 J rdin9 10 C ' aim 1 9 ^ ** the dete,9ent is selected from *• S ro °P consisting of sulfobetaines 

3H3^lolam.dopropyl)dimethylammonio-1-p ro pan^ 

nydroxy-1-propan sulfonate, digitonin, cholate and deoxycholate ata concentration of about 1 to 100 mM. 

^ P r^ S a ° COrd f in9 . t0 daim 19 in which *• d ter 9 nt is 3^hlolamidopropylHimethylammonio-1- 
propanesulfonate at a concentration of about 30 mM to 60 mM. 
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23. Process according to claim 3 in which the soiubilizing agent is an organic, wat r-miscible solvent. 

24. Process according t claim 23 in which the rganic, water-miscible solvent is acetonitrile, a lower alkanol, 

r a low r alkandiol, at a concentration of about 10 to 50% per volume. 

5 

25. Process according to claim 3 in which the soiubilizing agent is a phospholipid. 

26. Process according to claim 25 in which the phospholipid is selected from the group consisting of phosphati- 
dyiethanolamine, phosphatidylcholine, phosphatidylserine and phosphatidylinositole at a concentration 

10 range of 0.1 to 5 mg/ml. 

27. Process according to claim 14 in which the pH is about 8.0 and the temperature is about 4°C. 

28. Process according to claim 14 in which the refolding conditions additionally comprise metal ions at a con- 
is centration of about 0.01 to 1 00 u.M. 

29. Process according to claim 28 in which the metal ions are Cu 2 * or Fe 3 *. 

30. Process according to claim 14 in which additionally 0 2 is bubbled through the buffer system. 

20 

31. Process according to claim 14 in which the sulfhydryl/disulfide redox system is glutathione in its oxidized 
and reduced form at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced form is 1 : 1 to 1 : 2, and in which the soiubilizing agent is 3-(3-chlolamidopropyl)dimethylammonio- 
1-propanesulfonate at a concentration of about 30 mM to 60 mM. 

25 

32. Process according to claim 1 in which the dimeric protein obtained is purified by chromatography. 
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